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Until recently, interferon (IFN) was the only available therapy of proven benefit 
approved in the clinic for patients with chronic hepatitis C. However the sustained 
response rate is low, and interferon treatment also induces severe side-effects (i.e. 
retinopathy, thyroiditis, acute pancreatitis, depression) that diminish the quality of life 
5 of treated patients. Recently, interferon in combination with ribavirin has been 
approved for patients non-responsive to IFN alone. However, the side effects 
caused by IFN are not alleviated with this combination therapy. 

Therefore, a need exists for the development of effective antiviral agents for 
treatment of HCV infection that overcomes the limitations of existing pharmaceutical 
10 therapies. 

HCV is an enveloped positive strand RNA vims in the FlavMridae family. The single 
strand HCV RNA genome is approximately 9500 nucleotides in length and has a 
single open reading frame (ORF) encoding a single large polyprotein of about 3000 
amino acids. In infected cells, this polyprotein is cleaved at multiple sites by cellular 
15 and viral proteases to produce the structural and non-structural (NS) proteins. In the 
case of HCV, the generation of mature nonstructural proteins (NS2, NS3, NS4A, 
NS4B, NS5A, and NS5B) is effected by two viral proteases. The first one, as yet 
poorty characterized, cleaves at the NS2-NS3 junction; the second one is a serine 
protease contained within the N-terminal region of NS3 (henceforth referred to as 
20 NS3 protease) and mediates all the subsequent cleavages downstream of NS3, both 
in c/s, at the NS3-NS4A cleavage site, and in trans, for the remaining NS4A-NS4B, 
NS4B-NS5A, NS5A-NS5B sites. The NS4A protein appears to serve multiple 
functions, acting as a cofactor for the NS3 protease and possibly assisting in the 
membrane localization of NS3 and otherjviral replicase components. The complex 
25 formation of the NS3 protein with NS4A seems necessary to the processing events, 
enhancing the proteolytic efficiency at all of the sites. The NS3 protein also exhibits 
nucleoside triphosphatase and RNA helicjase activities. NS5B is a RNA-dependent 
RNA polymerase that is involved in the replication of HCV. 

A general strategy for the development of antiviral agents is to inactivate virally 
30 encoded enzymes that are essential for the replication of the virus. In this vein, 
patent application WO 97/06804 describes the (-) enantiomer of the nucleoside 
analogue cytosine-1,3-oxathiolane (also ^nown as 3TC) as active against HCV. This 
compound, although reported as safe in previous clinical trials against HIV and HBV, 
has yet to be clinically proven active agaihst HCV and its mechanism of action 
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HEPATITIS C INHIBrTOR TRI-PEPTIDES 
RELD OF THE INVENTION 

The present invention relates to compounds, process for their synthesis, 
compositions and methods for the treatment of hepatitis C virus (HCV) infection. In 
5 particular, the present invention provides novel peptide analogs, pharmaceutical 
compositions containing such analogs and methods for using these analogs in the 
treatment of HCV infection. The present invention also provides processes and 
intermediates for the synthesis of these peptide analogs. 

BACKGROUND OF THE INVENTION 

10 Hepatitis C virus (HCV) is the major etiological agent of post-transfusion and 

community-acquired non-A non-B hepatitis worldwide. It is estimated that over 150 
million people worldwide are infected by the virus. A high percentage of carriers 
become chronically infected and many progress to chronic liver disease, so-called 
chronic hepatitis C. This group is in turn at high risk for serious liver disease such as 

15 liver cirrhosis, hepatocellular carcinoma and terminal liver disease leading to death. 

The mechanism by which HCV establishes viral persistence and causes a high rate 
of chronic liver disease has not been thoroughly elucidated. It is not known how 
HCV interacts with and evades the host immune system. In addition, the roles of 
cellular and humoral immune responses in protection against HCV infection and 

20 disease have yet to be established. Immunoglobulins have been reported for 

prophylaxis of transfusion-associated viral hepatitis, however, the Center for Disease 
Control does not presently recommend immunoglobulins treatment for this purpose. 
The lack of an effective protective immune response is hampering the development 
of a vaccine or adequate post-exposure prophylaxis measures, so in the near-term, 

25 hopes are firmly pinned on antiviral interventions. 

Various clinical studies have been conducted with the goal of identifying 

i 

pharmaceutical agents capable of effectively treating HCV infection in patients 
afflicted with chronic hepatitis C. These studies have involved the use of interferon- 
alpha, alone and in combination with other antiviral agents. Such studies have 
30 . shown that a substantial number of the participants do not respond to these 

therapies, and of those that do respond favorably, a large proportion were found to 

i 

relapse after termination of treatment. ' 
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against the virus has yet to be reported 

• Aphenanthrenequinone has been reported bvChuo, , „ 
7 ^3 2 )to h aveac^^^ 

• -^P^^^sentedattheNinthlntemationalCon,, 

Uganda,, Fukyshima, Japan (1996H^ 7* °" ReS6arch ' 
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design of the peptides of the present invention. 
One advantage of the present invention is that itprovides tripeptides that are 
inhibitory to the NS3 protease of the hepatitis C vtrus. 

Afurther advantage of one aspect of the present invention resides in the fact that 
these peptides spedficaiiy inhibit the NS3 protease and do not show s.gn.ficant 

pancreatic chymotrypsin. or cysteine proteases such as human Inzer catheps,n B 



(CatB). 
Liecuiarweight^ 

active in cell culture and in vivo with good pharmacokinetic profle. 
SUMMARY OF THE INVENTION 

lnc ,uded in the scope of the invention are racemates, diastereoisomers and optica. 
15 isomers of a compound of formula (I): 

R* 

O (I) 

wherein Bis H, a C» or Cto a*. Cm. "4* He. or (tower alkyD-He.. 
o P ^su^ te dw»C,^ : 0,^C„a l Ka^M^^W. 

Mfc M*« *•> cyan* canoaiK* an*o oo«ona.y substroled w* ft. aikyl 

20 amido; or (lower alkyl)amide; ■ 

or B is an acy. derivative of formuia R«-C(0)-; a carboxyl of formula R<-0-C<0)-; an 
amide of formula WPVW a thioamide of formula R 4 -N(R 6 )-C(S)-; or a 
sulfonyl of formula RrS0 2 wherein 

R, is C) Co aft* optionally substituted with carboxyl. G» alkanoyt. hydroxy. 
25 alkoxy. amino optionally monof or di-substituted with *« alkyl. amido. or 

(lower alkyl) amide; 
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l^rint 7 ^ d0a,k ° Xy ' 0rC - al ~^a«op«ona„ y 
rnono^s! d'^^! ^ "^""O^ (Cm alkoxy)carbonyl, amino optionally 
m no- ord,subs W uted W th C„ amido , or (| ^ y 

(hi) amino optionally mono- or di-substituted with c w ' 

5 alkyl)amide; ° M a,ky,: amido; or ( ,0Wer 

M C 6 or C 10 any. or C,, 6 aralkyl, al. optionally substituted with C„ a | M 
substituted with C^alkyl; or 
- (v) Met or (lower alkyl)-Het, both optionally substituted with C h „ 

R 5 isHorCi^ alkyl; 
15 YisHorC 1<a ikyl; 

^ l sa0.orC„^orC,.„a^.^ ttona%mono . id , <)flij<ubEKutedwjft 



25 



30 



^N^OH^H^o^a^^no^^^' 

~^c„ alwc , orC , 0 ^ C; . i4aralWHeior(toirer 

Het or (lower alkyf)-Het; 
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carboxyl; carboxy(lower alkyl); C 6 or C,„ aryl, C 7 .» aralkyl or Het, said aryl, 
aralkyl or Het being optionally substituted with R»; 

wherein R H is C,< alkyl; C3. 7 cycloalkyl; C, alkoxy; amino optionally 
mono- or di-substituted with C w alkyl; sulfonyl; (lower alkyl)sulfonyl; 
5 N0 2 ; OH; SH; halo; haloalkyl; carboxyl; amide; (lower alkyl)amide; or 

Het optionally substituted with d-s alkyl 
R 1 Is H, C« alkyl, Cy-i cycloalkyl, C 2< alkenyl, or Cm alkynyl, all optionally substituted 
with halogen; 

or a pharmaceuBcally acceptable salt or ester thereof. 
10 Included within the scope of this invention is a pharmaceutical composition 

comprising an anti-hepatitis C virally effective amount of a compound of formula I. or 

a therapeutically acceptable salt or ester thereof, In admixture with a 

pharmaceutical^ acceptable carrier medium or auxiliary agent. 

An important aspect of the invention involves a method of treating a hepatitis C viral 
15 infection in a' mammal by administering to the mammal an anti-hepatitis C virally 

effective amount of the compound of formula I, or a therapeutically acceptable salt or 

ester thereof or a composition as described above. 

Another important aspect involves a method of inhibiting the replication of hepatitis C 
virus by exposing the virus to a hepatitis C viral NS3 protease inhibiting amount of 
20 the compound of formula I, or a therapeutically acceptable salt or ester thereof or a 
composition as described above. 

Still another aspect involves a method of treating a hepatitis C viral infection in a 
mammal by administering thereto an anti-hepatitis C virally effective amount of a 
combination of the compound of formula \, or a therapeutically acceptable salt or 
25 ester thereof. According to one embodiment, the pharmaceutical compositions of 
this invention comprise an additional immunomodulatory agent Examples of 
additional immunomodulatory agents include but are not limited to, a-, p-, and 6- 
interferons. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

30 Definitions 

As used herein, the following definitions apply unless otherwise noted: 
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With reference to the instances where (R) or (S) is used to designate the 
configuration of a substituent. e.g. r« of the compound of formula I, the designation 
•a done in the context of the compound and not in the context of the substituent 
alone. 

The natural amino acids, with exception of glycine, contain a chiral carbon atom 
Unless otherwise specifically indicated, the compounds containing natural amino 
acds with the L-configuration are preferred: However, applicants contemplate that 
when specified, some amino acids of the formula I can be of either D- or L- 
confijjuration or can be mbdures of D- and L-isomers, including racemic mixtures. 
The designation "PI , P2 and Par as used herein refer to the position of the amino 
acid residues starting from the Cterminus end of the peptide analogues and 
extending towards the N-terminus p.e. P1 refers to position 1 from the Cterminus 
P2: second position from the Cterminus, etc.) (see Berger A. & Schechter I 
Transactions of the Royal Society London series (1970), B257, 249-264]. 

The abbreviations for the a-amino acids used in this application are set forth in Table 
A. 



Table A 



Amino Acid 


Symbol 


1-aminocyclopropyl-carboxylic acid 


Acca 


Alanine " ■ 


Ala 


Aspartic acid 


Asp 


Cysteine " * 


Cys 


Cyclohexylglydne (also named; 2-amin6-2- 

cyciohexyiacetic acid) \ 


Chg 


Glutamic acid ~ — i 


Glu 


Isoleucine " ~ 


lie 


Leucine ~~ " ■ 


Leu 


Phenylalanine 


Phe 


Proline " ' " — 

; 


Pro 
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Amino Acid 


Symbol 


Valine 


Val 


ferf-Butylgiycine 


Tbg 



As used herein the term -1-aminocyclopropyl-carboxylic acid" (Acca) refers to a 
compound of formula: * t 

O 

As used herein the term "tert-butylglyeine" refers to a compound of formula: 



o 




The term "residue" with reference to an amino acid or amino acid derivative means a 
radical derived from the corresponding a-amino acid by eliminating the hydroxy! of 
the carboxy group and one hydrogen of the a-amino group. For instance, the terms 
Gin. Ala, Gly, lie, Arg, Asp, Phe. Ser, Leii, Cys, Asn. Sar and Tyr represent the 
10 "residues" of L-glutamine, L-alanine, glycine, L-isoleucine, L-arginine, L-aspartic 
acid, L-phenylalanine, L-serine, L-leucine, L-cysteine, L-asparagine, sarcosine and 
L-tyrosine, respectively. i 

The term "side chain" with reference to ai) amino acid or amino acid residue means 
a group attached to the a-carbon atom of ;the a-amino acid. For example, the R- 
15 group side chain for glycine is hydrogen, for alanine it is methyl, for valine it is 

isopropyl. For the specific R-groups or skjle chains of the a-amino acids reference is 
made to A.L. Lehninger*s text on Biochemistry (see chapter 4). 
The term "halo" as used herein means a halogen substituent selected from bromo, 
chloro, fluoro or iodo. 

20 The term "Cm alkyT or "(lower)alkyl" as usjed herein, either alone or in combination 
with another substituent, means acyclic, straight or branched chain alkyl substituents 
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containing from 1 to six carbon atoms and includes, for example, methyl e «hyl 

zszr* hex * i - m ~ 2 --~ - 

substrtuent. means a cyc.oa.kyl substrtuent containing from three to seven carbon 
atoms and inciudes cyclopropyl, cyclobutyl, cydopenty., cydohexy. and cydohepty, 
Th,s term also includes W-cycKc group such m spj ^ 

cyclobutyl: p 



or 

10 The term "unsaturated cycloalkyl" includes, for example, cyclohexenyl: 



20 



25 




f!! m T?' ,0( ^^ 

from three to seven carbon atoms linked to an alk* radical, the linked radical 
coining up to ten carbon atoms; for example, cyclopropylmethy., cyclopentylethyl 
cyclohexylmethyl,cyclohexylethylorcycloheptylethyl. 

The term «C, 10 alkenyf as used herein, either alone or in combination with another 
rad,cal, means an alky, radical as define^ above containing from 2 to 10 carbon 
atoms, and further containing at least on* double bond. For example alkenyl 
includes allyl and vinyl. y 

The term akanoyT as used herein, either alone or in combine with another 
rad-cal, means straight or branched 1 -oxoalky. radicals containing one to six carbon 
atoms and rndudes formyl, acetyl, 1-oxopropy. (prepay,), 2-methyl-l.oxopropy. 
oxohexyl and the like. H°py.i 

The term -o» elkoxy" as used herein, either alone or fn combination with another 
rad-ca. means the radical -O^alkyl) Wherein alky! is as defined above containing 

butoxyandl.l-d.methy.e^oxy. The latter radical te known commonly as JbuC 



Printed from Mimosa 00/03/16 11:11 :45 Page: 1 1 



WO 00/09543 



PCT/CA99/00736 



10 

The term "C* 7 cycloalkoxy" as used herein, either alone or in combination with 
another radical, means a C3-7 cycloalkyl group linked to an oxygen atom, such as, for 
example: 



5 The term "C 6 or C 10 aryl" as used herein, either alone or in combination with another 
radical, means either an aromatic monocyclic group containing 6 carbon atoms or an 
aromatic bicyclic group containing 10 carbon atoms. For example, aryl includes 
phenyl, 1 -naphthyl or 2-naphthyl. 

The term "Cms aralkyl" as used herein, either alone or in combination with another 
10 radical, means a C 6 or C 10 aryl as defined above linked to an alkyl group, wherein 
alkyl is as defined above containing from 1 to 6 carbon atoms. C™ aralkyl includes 
for example benzyl, butylphenyl. and 1-naphthylmethyl. 

The term 'amino aralkyl" as used herein, either alone or in combination with another 
radical, means an amino group substituted with a C™ aralkyl group, such as. for 
15 example, the amino aralkyl: 



NH 



The term "(lower alkyl)amide" as used herein, either alone or in combination with 
another radical, means an amide mono-substituted with a C,< alkyl, such as: 

H 

20 The term "carboxy(lower)alkyl" as used herein, either alone or in combination with 
another radical, means a carboxyl group (<S>OOH) linked through a (lower)alkyl group 
as defined above and includes for example butyric acid. 
The term "heterocycle" or "Het" as used herein, either alone or in combination with 
another radical, means a monovalent radical derived by removal of a hydrogen from 

25 a five-, six-, or seven-membered saturated;or unsaturated (including aromatic) 

heterocycle containing from one to four heteroatoms selected from nitrogen, oxygen 
and sulfur. Furthermore, "Hef as used herein, means a heterocycle as defined 
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The term '(lower alkyfl-Het" as used iw.„ 

CO 

The term ^harmaceutically acceptable ester- „c w 

■«* any of ff» cafcoxvf functions of tho ZT? " *"™" a 1 h 





o 

OR 



15 in ^ fteRmoiet y of ^esterisse.ectedfromallcv. ten «. 

*W »** alKoxyalM (e . g . me^e^^ ™ " ** ^ 
aralkyl (e.g. benzyl); aryloxvalkvl te „ Ji W (eg - acetox ^ethyi); 

hyd-ot/»d to Wro .ten infected h , m ^ "T* 8,8 "«»* 
•.ecofnpouKfoftaUa, ^^^^'^Wott^,,,™,,, 

- Wirn regard to lbs este^^s,^^ . 
Phenyl group. testers advantageously comprises a 
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„ pamcurar.be esterc may be a C,.,. a*yl ester, an unsubslituted ben* «• = 
ester substituted w«b a. leas, ona halogen, ft. alt*. C,« attcoxy. n«ro o, 



trifluoromethyl 



10 



tnnuoruurouiyi. 

Tbe term -pnan™*** accept sa«- as uaed M Wades those derived 
IlpbanLeutoan/aoceptabte bases. Examples of suKable bases tctude 

ZZt - *. j-"— • ^ ^ a '- 19, hereinbi " 8terence '- 

Preferred embodiments 

HUM within me scope o. this invention are oompounds o. formula I wherein 
Preferably Bisaftorftoarylor ft.,, aralkyl. all optionally substituted wKh ft* 

,5 lis preferably He. or (lower alkyl)-Hat, an optionally substauted wKh ft. alt* ft. 
X. ft. Inoyt. hydroxy, tM« ha*. — * ^ 
arrtdo. (lower alloxan**, or amino optional* substituted wrih ft. alkyl. 

aiwamida; ft or C -ft ft. "«* »' *«. - «— • - * 1 «* 

20 alkyl. 

Alternatively, B Is preferably an acyl derivative of formula MW- wherein R* is 

7ft^ "P-W* substmited with cirtoxyl, hydro*, or ft. mm. am*, 
flower aWamlde. or ar^^^ 

or di-substituted with Ci* alkyl: i 
MC.orC.^orC™.;^* 
arrtrto nowe.aW)ami*,orarrtnoop^ 
3d MHet or (loweralkyfl-Het, both optional* substtluted wMi 0,< afKyl, 

substituted with Ci-e alkyl. 
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(0 Co alky, optionally substituted with carboxy,, C„ alkanoyl, hydroxy Cf< aIkoxy 
am,noop to na.^ono- ord ,sub S «t U tedv^^ 

(^.cy.oalM.C.oaMcyc^aiiop^aiiy subbed wL^t 
a.koxy)carbonyl, amino optionaily mono- or di-substituted with C a Zl « 
(lower alkyl)amide; a,ky1, am,do or 

(iv) C e or C 10 aryl or C™ aralkyl optionally substituted with c a .i«w k - 

M He. or (lower a, W He,, ^ opao^ subsBtutea M(h c ^ 1 
^NeroaBvely, B is preferably an amide of formula 

rmoo, (lower aJkyl)an.,do. oram.no optionally roono-ordl^bsBtuted WJ, c,. 2,- 
substituted with C,< alkyl; 

Oii) amino optionally mono- or di-substituted with C, , alkyl- 

(iv) C 6 or C aryl or C, 16 aralky,, all optionally substituted with c M alky, hydroxy 
amidoooweralkyoamide.oraminoo^ 

(v) Hetor(loweralkyl^et,botho P tiona..y S ubstitutedwithC a L hV 
Rs is preferably H or methyl. 

W alky! opsonalr /su l^ d ^ 

alkoxy)carbonyi, amino or amido. • «"w>xyi, (C„ 



20 



30 
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OMe 

cL"xx. 

5 or Bis more preferably Het optionally substituted with alkyl, Ce alkoxy, C,* 
alkanoyl, hydroxy, halo, amido, (lower alkyl)amide. or amino optionally mono- or di- 
substituted with alkyl, such that B is for example: 

Alternatively, B is more preferably IVSOz wherein R« is preferably C 6 or C«> aryl, a 
10 Ct-h aralkyl or Het all optionally substituted with Ce alkyl; amido, (lower alkyl)amide, 
such that B is, for example: 



4 ? 



' ; ^1 ;or 

Alternatively, B is more preferably an acy( derivative of formula fVCfO)- wherein R4 

is preferably { 
15 (0 Cmo alkyl optionally substituted with cafooxyl, hydroxy or Cm alkoxy; or 

(ii) C3.7 cycloalkyl or C4.10 alkylcycloalkyl, fclolh optionally substituted with hydroxy, 
carboxyl, (C 14 alkoxy)carbonyl, such that B is, for example: 
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;or 



or R 4 is preferably 

OV) C 6 or O,o aryl or C™ aralkyl. all optionally substituted 
5 such that B is for example: 



with C t « alkyl, hydroxy, 




or R4 is preferably 

(v) Het optionally substituted with C,« alkyl, hydroxy, 
for example: 



amido or amino, such that B 



ts 



10 



wherein R 4 is 



Alternatively, B is more preferably a carbdxyl of formula R 4 -o-C(0)- 
preferably 1 

(0 C,. t0 alkyl optionally substituted with carboxyl alkan^i h.,* 
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or ' ; 

or R4 is preferably 

(rv).C 6 or Co aryl or C-ie aralkyl. all optionally substituted with c« alkyl. hydroxy, 
amino optionally substituted with C M alkyl; or 
5 (v) Het or (lower alkyl)-Het, both optionally substituted with C« alkyl, hydroxy, amido, 
or amino optionally mono-substituted with C M alkyl, such that B is for example: 

' (XL. O,JL 0 r OA 

Alternatively, B Is more preferably an amide of formula R4-N(R 5 )-C(0)- wherein R, is 
10 preferably 

(i) do alkyl optionally substituted with carboxyl, C« alkanoyl. hydroxy. C« alkoxy, 
amido. (lower alkyl)amide, amino optionally mono- or di-substrtuted with Cm alkyl; 
(II) Ca-7 cycloalkyl or C10 alkyloycloalkyl. all optionally substituted with carboxyl, (C« 
alkoxy)carbonyl. amido. (lower alkyl)amide, amino optionally mono- or di-substituted 

15 with Cm alkyl: and 

R s is H or methyl, such that B is for example: 



or R4 is preferably 

(iii) amino optionally mono- or di-substituted with C* alkyl, such that B is for 
20 example: i 

o 



1 II 



or R< is preferably 

(iv) C 6 or Co aryl or C-ie aralkyl. all optionally substituted with C-6 alkyl, hydroxy, 
amino or amido optionally substituted with C-e alkyl; or 
25 (v) Het optionally substituted with C« alkyl! hydroxy, amino or amido, such that B is 
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for example: 




Alternatively, B is mor e preferably a thioamide of form Ula r ^ l ^ 
preferably a R «- N "-C(S)-; wherein R, is 

5 R. MO C,.„ o, m c„ cyctoa^; suchtfialBjs for exalte: 

or R« is preferably j 
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Even most preferably, B is fe/f-butoxycarbonyl (Boc) or 

Preferably, Y is H or methyl. More preferably, Y is H. 

Preferably. R 3 is C« alkyl. C3.7 cydoalkyl, or C^o alkylcycloalkyl. all optionally 

substituted with hydroxy, C« alkoxy. thioalkyl, acetamido, C 6 or C 10 aryl, or C™ 

aralkyl. sucn B is ,or exam P |e: 

VV ; o r ; °r.. V ; V : 

More preferably, R 3 is the side chain of terf-butylglycine (Tbg), lie, Val, Chg or: 




V V 

t ;or : » 



10 Most preferably. R 3 is the side chain of Tbg, Chg or Val. 

mduded within the scope of the invention are compounds of formula I wherein, 
preferably. R 2 Is S-R» or O-R* wherein R» is preferably a Ce or C 10 aryl. C,.,, 
aralkyl. Het or -CH r Het, all optionally mono-, di- or tri-substituted with R 21 . 

Preferably. R 2 i is C« alkyl; C« alkoxy: lower thioalkyl; amino or amldo 
15 optionally mono-or di-substituted wjth Ch, alkyl. C or C l0 aryl. C™ aralkyl. 

Het or (lower alkyl)-Het; N0 2 ; OH; halo; trlfluoromethyl; carboxyl; Co or C, 0 
aryl. C™ aralkyl. or Het. said aryl. iralkyl or Het being optionally substituted 
with R a . More preferably, R* Is C« alkyl; C^alkoxy, amino; di(lower 
alkyl)amino; (lower alkyQamide; C 6 or C 10 aryl. or Het, said aryl or Het being 
20 optionally substituted with R22- 

Preferably, R* is Chalky!; 63-7 cydoalkyl; C^alkoxy; amino; mono- 
or di-(lower alkyl)amino; (lower alkyl)amide; suttonylalkyl; N0 2 ; OH; 



Printed from Mimosa 00/03/16 11:11:54 Page: 20 



WO 00/09543 



PCT/CA99/O0736 



19 

halo;trifluoromethyf;cart)oxvlorH»t m 
allow- r . ""^orHet More preferably R„ior 

a'kyl. Ca-r cycloalkyl; C.^alkoxv « m ,n« * Cm 

aikuiw xy ' am,no . mono- or dif lower 



10 





More preferably, R 2fs1hth 
^asdefinedabove. MostpreferabTy 

unsubstituted, mono- or di-substituted with R ' r ° r qUin °' ,n(M * 

15 example: ^ 33 defined such that R 2 | S f or 




;or \ 



Still, more preferably, R a is: 




20 ^^^^^suchasi^ tert _ 

, »"°pyi, ten-butyl or cydohexyl; 

C^alkoxysuchasmethoxy, ^"^o^ j a N — ^ V-\ 

• >-,or ' ( 
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lower thioalkyl such as 
halo such as chloro; 

amino optionally mono-substituted with C« alkyt; or C* or c. aryl. such that R«a is 
for example: dimethylamino, Ph-N(Me)-; 
5 unsubstituted C 6 or C 10 aryl. aralkyi. such as for example phenyl or ""^l 
or R« A is more preferably Het optionally substituted with R* wherein R H is C,« alkyl. 
C„ alkoxy, amido, (lower alkyl)amide. amino optionally mono- or di-substituted wrth 
C« alkyl, or Het, such that R 21A is for example: 

O- XX "XX. -TUX. 



I 1 

Most preferably. R™ is C 6 . C 10 a* or Het. all optionally substituted with R M as 
defined above, such that R*a is for example: 

Me^/V^ 

w 



10 




Me 
HN 



15 



S— J ° \ % 



Even most preferably, R2 is: 
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«*e-eln R*. k l-Mtr C a*yt (such as methyfc Cl< atay (such M 

or ha* su* as chloro,; Raaa Is preferably C„ a.*, amino op^ mrT^' 

-uoromethy,. o, car**. More w . „„. „ „ ^ 

■Mammo. Most preferably, fc,,,^ , °" rer 

As described hereinabove the P, segment of the compounds of form*, f Is , 
<**>butyl or cyclop™,* ring, both optionally substituted with „,. 

ZT» ' b "f^*"; 0 " «**"* -r 0b. aifcnyl op^fry substituted 
bromovlnyl. Most preferably, ft, is vtnyl. 

When R| Is not H, then P1 is preferably a cycfopropyl system of formula: 



-NH 



-c, 



^^andC,eachrepn^en,ahasymme*ca*o„a,oma,pos«io„ s ,and 2 
* •» cyotopropy, ^ m**^ ^ ' 

^of^compounds offon^ula I. >e presence ofCese 

^P^and^reatesepara^into^P^^ ^ 
"^■"^re can be prepared by chiral synthesis. ""■"••■eee 

Hence, the compound o( formula I can exist as a racemio mixture of 
^ te re^rsa,carc OT ,b U ,v^re h i,,a,carbo„ 2 isode„ a ,eds,„ toft e 
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carbonyl at position 1, represented by the radical: 





and' 




10 



or the compound of formula I can exist as a racemic mixture of diastereoisomers 
wherein R, at position 2 is orientated antlto the carbonyl at position 1, represented 
by the radical: 



15 





In turn, the racemic mixtures can be separated into individual optical isomers. 
A most interesting finding of this invention pertains to the addition of a R, substituent 
on the carbon 2 as well as the spatial orientation of the P1 segment. The finding 
concerns the configuration of the asymmetric carbon 1 . A preferred embodiment is 
one wherein Ri is not H and carbon 1 has the R configuration. 

X RorS 




= either of 




and 




More explicitly, the introduction of a substituent (R t ) at C2 has an impact on the 
potency when Ri Is introduced in a way that C1 has the R configuration. For 
example compounds 901 (1R£Si and 203 ( 1R.2R) have activities of 25 and 82 nM 
respectively. When compared to the unsijbstituted cyclopropyl compound 111 (475 
nM). a substantial increase in potency Is observed. Moreover, as shown for 
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compounds 901 and 203 when carbon 1 has the R configuration, HCV NS3 protease 
inhibition is further enhanced by the configuration of the substituent R, (e.g. aJkyl or 
alkylene) at carbon 2 of the cyclopropyl ring, e.g. the compound that possesses R, 
'syrf to the carboxyi has greater potency (25 nM) than the "antr enantiomer (82 
nM). We can see the effect of the R vs. S configuration at C1 by comparing 
compounds 801 (1R.2S) and its corresponding (1S.2S) isomer which have potencies 
of 6 nM and >1 0 jiM respectively, a difference of over 1 500 fold!! 

Therefore a most preferred compound is an optical isomer having the R, substituent 
and the carbonyl in a syn orientation in the following absolute configuration: 




In the case where R, is ethyl, for example, the asymmetric carbon atoms at positions 
1 and 2 have the R,R configuration. 

Included within the scope of this invention are compounds of formula I wherein 
B is a C 6 or C, 0 aryl or C7.16 aralkyl, all optionally substituted with C,^ alkyl, 
alkoxy, C« alkanoyl, hydroxy, hydroxyalkyl I .halo I haloalkyl, nitro, cyano, cyanoalkyl. 
amido, (lower alkyl)amido, or amino optionally substituted with alkyl; or 
Het or (lower alkyl)-Het, all optionally substituted with C M alkyl, C,* alkoxy, C,< 
alkanoyl, hydroxy, hydroxyalkyl. halo, haloalkyl, nitro, cyano, cyanoalkyl, amido. 
(lower alkyl)amido, or amino optionally substituted with alkyl,. or 
B is fU-SO z wherein R« is preferably amido; (lower alkyl)amide; C e or C, 0 aryl, C 7 . 14 
aralkyl or Het, all optionally substituted with C t< alkyl, or 
B is an acyl derivative of formula RrC(O) j wherein R4 is 

(i) C,. 10 alkyl optionally substituted With carboxyi, hydroxy or C t< alkoxy, 
amido, (lower alkyl)amide, or amino optionally mono- or di-substituted with 
Ch, alkyl; 

(ii) Ca.7 cycloalkyl or C4.10 alkylcycloalkyl, both optionally substituted with 
hydroxy, carboxyi, (C,« alkoxy)carbonyl, amido, (lower alkyl)amide, or amino 
optionally mono- or di-substituted with C t4 alkyl; 

(iv) C 6 or C 10 aryl or C7.16 aralkyl, all optionally substituted with C,< alkyl, 
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hydroxy, amido, (lower alkyl)amide, or amino optionally substituted with Ce 
alkyl; 

(v) Het or (lower alkyl)-Het, both optionally substituted with Ce alkyl. hydroxy, 
amino optionally substituted with Ce alkyl. amido. (lower alkyl)amide. or 
amino optionally substituted with C M alkyl, or 
B is a carboxyl of formula R 4 -0-C(0)-. wherein R« is 

(i) C1.10 alkyl optionally substituted with carboxyl. Cm alkanoyl, hydroxy, Cm 
alkoxy, amino optionally mono- or di-substituted with Ce alkyl, amido or 
(lower alkyl)amide; 

(ii) C3.7 cycloalkyl, C10 alkylcycloalkyl, all optionally substituted with carboxyl, 
(Ci-e alkoxy)carbonyl, amino optionally mono- or di-substituted with Ce alkyl, 
amido or (lower alkyt)amide; 

(h/) Ce or Co aryl or Cie aralkyl optionally substituted with Ce alkyl, hydroxy, 
amido, (lower alkyl)amido, or amino optionally mono- or di-substituted with 
Ci< alkyl; or 

(v) Met or (lower alkyl)-Het, both optionally substituted with Ce alkyl, hydroxy, 
amino optionally mono- or di-substituted with C,< alkyl, amido or (lower 
alkyl)am!do, or 
B is an amide of formula R«-N(R 5 )-C(0)- wherein R« Is 

1 

(i) C,-io alkyl optionally substituted with carboxyl. Ce alkanoyl, hydroxy, Ce 
alkoxy, amido. (lower alkyl)amido, or amino optionally mono- or di-substituted 
with Cm alkyl; 

(ii) C3.7 cycloalkyl or C10 alkylcycNtyl. all optionally substituted with 
carboxyl. (Ce alkoxy)carbonyl. arhido, (lower alkyl)amido, or amino optionally 
mono- or di-substituted with C w alkyl; 

(iii) amino optionally mono- or di-substituted with Ci^ alkyl; 

(iv) C 6 or C10 aryl or Cie aralkyl. ail optionally substituted with Ce alkyl, 
hydroxy, amido, (lower alkyljamide, or amino optionally substituted with Ce 
alkyl; or 

(v) Het or (lower alkyl)-Het, both optionally substituted with Ci-e alkyl, hydroxy, 
amino optionally substituted with Ce alkyl, amido or (lower alkyl)amide; and 
R s is preferably H or methyl, or 

B is thloamide of formula R4-NH-C(S)-; wherein FU is 
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© C,., 0 alkyl optionally substituted with carboxyl, c M alkanoy, or Cl< alkox^ 

carboxyl, (C« alkoxyjcarbonyl, amino oramido; 
Y is H or methyl; 

hydros. 0„ eta,. Cm MM* aceuo,^ c. « c„ a*. „ c,,, ^ "* 

CHrHet, all optonalfc, mono-, di- o, »«*«*,,, Ml(1 ^ 

R. , h Cm «k* C„ altoxy; lower tnloalkyl; ,„*„ or ^ . 

NO, OH; ha* Wtorome ^ ^ ft * <~ 

aralkyt or Hat eardar* aralky.orHe.bamaopUonalVsubtante,* „„ 

wherein 221 

*. te Chalky,; C , 7 cycloalkyl; C^alkoxy; amino; mono- or di-(.ower 
alkyl)amino; (lower alkyl)amide; sulfonylalkyi; N0 2 ; OH; halo- 
trifluoromethyl; carboxyl or Het; or 



R 2 is selected from the group consisting of: 




20 



25 



^' mPm¥ ° Mmr ' «■"** 1-napMhy.oxy; 2- 

ana said R, a, ca*o„ , h onenlal<K) „ ^ 
represented bylhe radical: p 
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and' 




Included within the scope of this invention are compounds of formula I wherein B is a 
C 6 or Co aryl optionally substituted with C-s alkyl, Cm alkoxy. Cm alkanoyl. hydroxy, 
hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalkyl. amldo, (lower alkyl)amide, or 
5 amino optionally mono- or di-substituted with C« alkyl; or B is Het optionally 
substituted with C,« alkyl, C* alkoxy, C-e alkanoyl. hydroxy, halo, amido, (lower 
alkyl)amide, or amino optionally mono- or di-substituted with C-e alkyl; or B is FV 
S02 wherein R 4 Is C 6 or C 10 aiyl, a C,. M aralkyl or Het all optionally substituted with 
Cm alkyl; amldo, (lower alkyl)amide; or B is an acyl derivative of formula R4-C(0)- 
10 wherein R4 is 

fi) C,.,o alkyl optionally substituted with carboxyl, hydroxy or C-e alkoxy; or 
(ii) C3.7 cycloalkyl or C-io alkylcycloalkyl, both optionally substituted with 
hydroxy, carboxyl, (Ce alkoxy)carbonyl; or 

(iv) Ce or Co aryl or Cy-ie aralkyl, all optionally substituted with C-e alkyl, 

i 

15 hydroxy, or 

(v) Het optionally substituted with Cm alkyl, hydroxy, amido or amino; 

or B is a carboxyl of formula R 4 -0-C(0)-, wherein R4 is 

(i) d-w alkyl optionally substituted with carboxyl, C-6 alkanoyl, hydroxy, C-6 
alkoxy or amido. (lower alkyl)amkre, amino optionally mono- or di-substituted 

20 with d< alkyl; ; . 

00 C3.7 cycloalkyl, C4-10 alkylcycloa|kyl, all optionally substituted with carboxyl, 
(Cm alkoxy)carbonyl, amido, (lowcjralkyOamide, amino optionally mono- or 
di-substituted with Cm alkyl; or 

(iv) C 6 or C, 0 aryl or C-« aralkyl, all optionally substituted with Cm alkyl, 
25 hydroxy, amino optionally substituted with Cm alkyl: ° r 

(v) Het or (lower alkyl)-Het, both optionally substituted with Cm alkyl. hydroxy, 
amido, or amino optionally mono-substituted with Cm alkyl; 
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or B is an amide of formula R4-N(R 5 )-C(0)- wherein R4 is 

(i) C,. 10 alkyl optionally substituted with carboxyl, Cm alkanoyl, hydroxy, Ci* 
alkoxy, amido, (lower alkyl)amide, amino optionally mono- or di-substituted 
with Cm alkyl; 

5 (H) C3.7 cycloalkyl or C4-10 alkylcycloalkyl, all optionally substituted with 

carboxyl, (C H alkoxy)carbonyl, amido, (lower alkyl)amide ( amino optionally 
mono- or di-substituted with alkyl;* and R 5 is H or methyl; or 
R 4 is (iii) amino optionally mono- or di-substituted with alkyl; or 
^ fiv) C 6 or C 10 aryl or C 7 -ie aralkyl, all optionally substituted with alkyl, 
10 hydroxy, amino or amido optionally substituted with alkyl; or 

(v) Het optionally substituted with C,* alkyl, hydroxy, amino or amido; or 
B is a thioamide of formula R4-NH-C(S)-; wherein R4 is: 

(0 Cmo alkyl; or 00 C3.7 cycloalkyl; or 
B is an amide of formula R4-NH-C(0)- wherein R4 is 

15 i) C,. 10 alkyl optionally substituted with carboxyl, C,* alkanoyl, hydroxy, C,^ 

alkoxy amido, (lower alkyl)amide, amino optionally mono- or di-substituted 
with d-e alkyl; 

(ii) C3.7 cycloalkyl or C4-10 alkylcycloalkyl, all optionally substituted with 
carboxyl, (d* alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally 
20 mono- or di-substituted with C,* alkyl; 

(iv) C 6 or C,o aryl or Ct. 16 aralkyl optionally substituted with alkyl, hydroxy, 
amino or amido; 

YlsH.; 

R 3 Is the side chain of ferf-butylglycine (Tbg), He, Val, Chg on 



R 2 is 1-naphtylmethoxy; or quinolinoxy unsubstituted, mono- or di-substituted with 
R« as defined above, or 

R 2 is : 



25 
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wherein R21A is Cm aikyl; Cm alkoxy, C 6 , C 10 aryl or Het; lower thioalkyl; halo; amino 
optionally mono-substituted with C1-6 alkyl; or C 6 ,Cio aryl, Cms aralkyl or Het 
optionally substituted with R22 wherein R22 is Gm alkyl, Cm alkoxy, amido, (lower 
alkyl)amide, amino optionally mono- or di-substituted with Cm alkyl, or Het; 

P1 is*a cyclopropyl ring wherein carbon 1 has the R configuration, 



■z RorS 






0 E either of v and 

and R 1 is ethyl, vinyl, cyclopropyl, 1 or 2-bromoethyl or 1 or 2-bromovinyl. 
Further included in the scope of the invention are compounds of formula I wherein: 



10 B is fert-butoxycarbonyl (Boc) or 

R 3 is the side chain of Tbg, Chg or Val; 
R 2 is: 




wherein R22A is Cm alkyl (such as methyl); Cm alkoxy (such as methoxy); or halo 
(such as chloro); R22B is Cm alkyl, amino optionally mono-substituted with Cm alkyl, 
amido, or (lower alkyl)amide; and R21B is Cm alkyl, Cm alkoxy, amino, di(lower 
alkyl)amino, (lower alkyl)amide, N0 2t OH, halo, trifluoromethyl, or carboxyl; 
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and PI is: 



10 



15 
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Finally included within the scope of this invention is each compound of formula . as 
presented in Tables 1 to 10. 

According to an alternate embodiment, the pharmaceutical compositions of this 
mvention may additionaiiy comprise another anti-HCV agent. Examples of anti-HCV 
agents include, a- or p-interferon, ribavirin and amantadine. 

According to another aiternate embodiment, the pharmaceutical compositions of this 
•nvention may additionally comprise other inhibitors of HC V protease 
***** . to yet anotheratemate embodiment, the pharmaceutical compositions of 
th, .nvenfon may additionaiiy comprise an inhibtor of other targets in the HCVHfe 
^including but not .imited to, heiicase. polymerase, metalioprotease or internal 
nbosorneentn/site(IREs). » o> iraemai 

The ptarmaceufa, compose of this invention ma, be administeted orally 

parcnteraly or via an imptonted res«»voir. Dral MlWnlst<al(on „, 

•nvy* preferred. ^pHa^^co.^^^^ " 

conl* any convene mtm prarmaceutal^ptabie ' 

. .eWdes. ineomeoa.ee. ^pHoffcbrmu^onma^a,,^^ ' 

pharrnacetfioally acceptable adds, bases or buffers to enhanoe ihe stab* of me 

on-ulatedoon^ortea^e^form. The t,™ 

deludes suboutoeoHis, iwao^aneous. i™^^ 

W^.D^ai.in^meeei.endinb^ ^ 

techniques. 

The Pharmaceutic composisons may be in the torn, of a stenle Injectable 
*»P»a«=n. for examp*. as a sterile ,„ ie( «,,e aqueous or ominous suspension 

suiabte dapersmg orwetiho a 8 e*s (suchas. ferexample Tween 80, and 

suspending agents. 
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The pharmaceutical compositions of this invention may be orally administered in any 
orally acceptable dosage form including, but not limited to, capsules, tablets, and 
aqueous suspensions and solutions. In the case of tablets for oral use, carriers 
which are commonly used include lactose and corn starch. Lubricating agents, such 

5 as magnesium stearate, are also typically added. For oral administration in a 

capsule form, useful diluents include lactose and dried com starch. When aqueous 
suspensions are administered orally, the active ingredient is combined with 
emulsifying and suspending agents. « desired, certain sweetening and/or flavoring 
and/or coloring agents may be added. 

10 Other suitable vehicles or carriers for the above noted formulations and 

compositions can be found in standard pharmaceutical texts, e.g. in "Remington's 
Pharmaceutical Sciences", The Science and Practice of Pharmacy, 19 th Ed. Mack 
Publishing Company, Easton, Penn., (1995). 

Dosage levels of between about 0.01 and about 100 mg/kg body weight per day, 
1 5 preferably between about 0.5 and about 75 mg/kg body weight per day of the 

protease inhibitor compounds described herein are useful in a monotherapy for the 
prevention and treatment of HCV mediated disease. Typically, the pharmaceutical 
compositions of this invention will be administered from about 1 to about 5 times per 
day or alternatively, as a continuous infusion. Such administration can be used as a 
20 chronic or acute therapy. The amount of active ingredient that may be combined 
with the carrier materials to produce a single dosage form will vary depending upon 
the host treated and the particular mode of administration. A typical preparation will 
contain from about 5% to about 95% active compound {wty. Preferably, such 
preparations contain from about 20% to about 80% active compound. 

25 As the skilled artisan will appreciate, lower or higher doses than those recited above 
may be required. Specific dosage and treatment regimens for any particular patient 
will depend upon a variety of factors, including the activity of the specific compound 
employed, the age, body weight, general health status, sex, diet, time of 
administration, rate of excretion, drug combination, the severity and course of the 
30 infection, the patient's disposition to the infection and the judgment of the treating 
physician. Generally, treatment is initiated with small dosages substantially less than 
the optimum dose of the peptide. Thereafter, the dosage is increased by small 
increments until the optimum effect under the circumstances is reached. In general, 
the compound is most desirably administered at a concentration level that will 
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When the compositions of this invention comprise a combination of a compound of 
formula I and one or more additional therapeutic or prophylactic agent, both the 
compound and the additional agent shouid be present at dosage levels of between 
about 10 to 100%, and more preferably between about 10 and 80% of the dosaqe 
normally administered in a monotherapy regimen. 

When these compounds or their pharmaceutical acceptable Sa ,ts are formulated 
together with a pharmaceutical* acceptable earner, the resulting composition may 
be administered in vivo to mammals, such as man, to inhibit HCV NS3 protease or to 
treatorprevent HCVtfrus infection. Such treatment may aiso be achieved using fte 
compounds of this invention in combination with agents which include, but are not 
limfted to: immunomodulatory agents, such as a, p.. or r .|nterferons; other antiviral 
agents such as ribavirin, amantadine; other Inhibitors of HCV NS3 protease- 

hehcase, polymerase, metalloprotease. or internal ribosome entry site (IRES)* or 
combinations thereof. The additional agents may be combined with the compounds 
of ft. .nvention to create a single dosage form. Aiternatively these additional agents 
may be separately administered to a mamma, as part of a multiple dosage fo rm 
A^rdingly, another embodiment of this invention provides methods of inhibiting 
HCV NS3 protease activity in mammals by administering a compound of the formu.a 
I, where.n the substituents are as defined above. 

In a preferred embodiment, these methods are useful in decreasing HCV NS3 
protease activity in a mammal. If the pharmaceutical composition comprises only a 
-mpounc lof this invention as the active component, such methods may additionally 
comprise the step of administering to said mammal an agent selected from an 
^mmunomodu.atory agent, an antMra, ag<fnt. a HCV protease inhibitor, or an inhibitor 
of other targets in the HCV life cycle such: as helicase, polymerase, or metallo 
protease or IRES Such a^ona, agent may be administer^ to the mamma, prior 
to. concurrently wrth, or following the administration of the compositions of this 
invention. 

in an y» ^^^^ ^ ^ m ^ ^ 

-epfcaton ,„ a ™ mmal Such mahods a re useful i„ lrea t n g 0 , H CV 



Printed from Mimosa 00/03/16 11:12:09 Page: 33 



WO 00/09543 



PCT/CA99/00736 



32 



disease. If the pharmaceutical composition comprises only a compound of this 
invention as the active component, such methods may additionally comprise the step 
of administering to said mammal an agent selected from an immunomodulatory 
agent, an antiviral agent, a HCV protease inhibitor, or an inhibitor of other targets in 
5 the HCV life cycle. Such additional agent may be administered to the mammal prior 
to, concurrently with, or following the administration of the composition according to 
this invention. 

The compounds set forth herein may also be used as laboratory reagents. The 
compounds of this invention may also be used to treat or prevent viral contamination 
10 of materials and therefore reduce the risk of viral infection of laboratory or medical 
personnel or patients who come in contact with such materials (e.g. blood, tissue, 
surgical instruments and garments, laboratory instruments and garments, and blood 
collection apparatuses and materials). 

The compounds set forth herein may also be used as research reagents. The 
15 compounds of this invention may also be used as positive control to validate 
surrogate cell-based assays or in vitro or in vivo viral replication assays. 

PROCESS 

The compounds of the present invention were synthesized according to a general 
process as illustrated in scheme I (wherein CPG is a carboxyl protecting group and 
20 APQ is an amino protecting group): 

Scheme I 



pi 



i a ^ 

P1-CPG + APG-P2 ► APG-P2-P1-CPG 



P2-P1-CPG + APG-P3 



-> 

APG-P3-P2-P1-CPG 



B-P3-P2-P1 



Briefly, the P1 . P2. and P3 can be linked well known peptide coupling techniques. 
The PI . P2, and P3 groups may be linked together in any order as long as the final 
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compound corresponds to peptides of Formula I. For example, P3 can be linked to 
P2-P1 ; or P1 linked to P3-P2. 

Generally, peptides are elongated by deprotecting the a-amino group of the N- 
terminal residue and coupling the unprotected carboxyl group of the next suitably N- 
protected amino acid through a peptide linkage using the methods described. This 
deprotection and coupling procedure is repeated until the desired sequence is 
obtained. This coupling can be performed with the constituent amino acids in 
stepwise fashion, as depicted in Scheme I. or by solid phase peptide synthesis 
according to the method originally described in Merrifield, J. Am Chem Soc 
(1963), 85. 2149-2154, the disclosure of which Is hereby incorporated by reference! 
Coupling between two amino acids, an amino acid and a peptide, or two peptide 
fragments can be carried out using standard coupling procedures such as the azide 
method, mixed carbonic-carboxylic acid anhydride (isobutyl chloroformate) method 
carbodiim.de (dicyclphexylcarbodiimide, diisopropylcarbodiimide, or water-soluble ' 
1 5 carbodiimide) method, active ester (p-nitrophenyl ester, N-hydroxysuccinic imido 
ester) method. Woodward reagent K-method, carbonyidiimidazole method, 
phosphorus reagents or oxidation-reduction methods. Some of these methods 
(especially the carbodiimide method) can be enhanced by adding 1- 
hydroxybenzotriazole. These coupling reactions can be performed in either solution 
20 (liquid phase) or solid phase. , 

More explicitly, the coupling step involves the dehydrative coupling of a free carboxyl 
of one reactant with the free amino group of the other reactant in the presence of a 
coupling agent to form a linking amide bopd. Descriptions of such coupling agents 
are found in general textbooks on peptide; chemistry, for example, M. Bodanszky 
'Peptide Chemistry". 2 nd rev ed., Springer-Verlag. Berlin, Germany. (1993). 
Examples of suitable coupling agents are A/,A/'-dicyclohexylcarbodiimide, 1- 
hydroxybenzotriazole in the presence of yvlA/'-dicyclohexylcarbodiimide or /v^thyl-/V'- 
[(3^imethylamlno)propyfJcarbodiimide. A practical and useful coupling agent is the 
commerdally available (benzotriazol-l-yloxyjtri^ 

hexafluorophosphate, either by itself or in the presence of 1-hydroxybenzotriazole 
Another practical and useful coupling agent is commercially available 2-(1H- 
benzotriazol-1-y|).yv. N, AT. /V'-tetramethyiuronium tetrafluoroborate. Still another 
practical and useful coupling agent is commercial* available O-^-azabenzotriazol- 
1 -yl)-/V, W, W, W-tetramethyluronium hexafluorophosphate. 
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The coupling reaction is conducted in an inert solvent, e.g. dichloromethane, 
acetonitrile or dimethylformamide. An excess of a tertiary amine, e.g. 
diisopropylethylamine, A/^methyimorpholine or W-methylpyrrolidine, is added to 
maintain the reaction mixture at a pH of about 8. The reaction temperature usually 
5 ranges between 0°C and 50°C and the reaction time usually ranges between 15 min 
and 24 h. 

When a solid phase synthetic approach is employed, the C-terminal carboxylic acid 
is attached to an insoluble carrier (usually polystyrene). These insoluble carriers 
contain a group that will react with the carboxylic group to form a bond that is stable 
10 to the elongation conditions but readily cleaved later. Examples of which are: chloro- 
or bromomethyl resin, hydroxymethyl resin, trytil resin and 2-methoxy-4-alkoxy- 
benzylaloconol resin. 

Many of these resins are commercially available with the desired C-terminal amino 
acid already incorporated. Alternatively, the amino acid can be incorporated on the 

15 solid support by known methods (Wang, S.-S., J. Am. Chem. Soa, (1 973), 95, 1 328; 
Atherton, E;; Shepard, R.C. "Solid-phase peptide synthesis; a practical approach" 
IRL Press: Oxford, (1989); 131-148). In addition to the foregoing, other methods of 
peptide synthesis are described in Stewart and Young, "Solid Phase Peptide 
Synthesis", 2 nd ed., Pierce Chemical Co., Rockford, IL (1984); Gross, Meienhofer, 

20 Udenfriend, Eds., The Peptides: Analysis, jSynthesis, Biology*, Vol. 1 , 2, 3, 5, and 9, 
Academic Press, New-York, (1980-1987); Bodansky et a!., The Practice of Peptide 
Synthesis" Springer-Veriag, New-York (1984), the disclosures of which are hereby 
incorporated by reference. 

The functional groups of the constituent amino acids generally must be protected 
25 during the coupling reactions to avoid formation of undesired bonds. The protecting 
groups that can be used are listed in Grepne, "Protective Groups in Organic 
Chemistry", John Wiley & Sons, New Yorfc (1981) and The Peptides: Analysis, 
Synthesis, Biology", Vol. 3, Academic Pr^ss, New York (1981), the disclosures of 
which are hereby incorporated by reference. 9 

30 The a-carboxyl group of the C-terminal residue is usually protected as an ester 
" (CPG) that can be cleaved to give the carboxylic acid. Protecting groups that can be 
used include: 1) alkyi esters such as methyl, trimethylsilylethyl and f-buty], 2) aralkyt 
esters such as benzyl and substituted benzyl, or 3) esters that can be cleaved by 
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mild base treatment or mild reductive means such as trichloroethyl and phenacyl 



esters. 



The a-amino group of each amino acid to be coupled to the growing peptide chain 
must be protected (APG). Any protecting group known in the art can be used. 
Examples of such groups include: 1) acyf groups such as formyl, trifluoroacetyl, 
phthalyl, and p-toluenesulfonyl; 2) aromatic carbamate groups such as 
benzyloxycarbonyl (Cbz orZ) and substituted benzyloxycarbonyls, and 9- 
fluorenylmethyloxycarbonyl (Fmoc); 3) aliphatic carbamate groups such as ten- 
butyloxycarbonyl (Boc), ethoxycarbonyl, dfisopropylmethoxycarbonyl, and 
allyloxycarbonyl; 4) cyclic alkyl carbamate groups such as cyclopentyloxycarbonyl 
and adamantyloxycarbonyf; 5) alkyl groups such as triphenylmethyl and benzyl; 6) 
trialkylsilyl such as trimethylsilyl; and 7) thiol containing groups such as 
phenytthiocarbonyl and dithiasuccinoyl. The preferred a-amino protecting group is 
either Boc or Fmoc. Many amino acid derivatives suitably protected for peptide 
15 synthesis are commercially available. 

The a-amino protecting group of the newly added amino acid residue is cleaved prior 
to the coupling of the next amino acid. When the Boc group is used, the methods of 
choice are trifluoroacetic acid, neat or in dichloromethane, or HCI in dioxane or in 
ethyl acetate. The resulting ammonium salt is then neutralized either prior to the 
coupling or in situ with basic solutions such as aqueous buffers, or tertiary amines in 
dichloromethane or acetonitrile or dimethylformamide. When the Fmoc group is 
used, the reagents of choice are piperidine or substituted piperidine in 
dimethylformamide, but any secondary amine can be used. The deprotection is 
carried out at a temperature between 0°rj and room temperature (RT) usually 20 - 
25 22°C. 

Any of the amino acids having side chain functionalities must be protected during the 
preparation of the peptide using any of th6 above-described groups. Those skilled in 
the art will appreciate that the selection and use of appropriate protecting groups for 
these side chain functionalities depend upon the amino acid and presence of other 
protecting groups in the peptide. The selection of such protecting groups Is 
important in that the group must not be removed during the deprotection and 
coupling of the a-amino group. 

For example, when Boc is used as the a-amino protecting group, the following side 
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chain protecting group are suitable: p-toluenesulfonyl (tosyl) moieties can be used to 
protect the amino side chain of amino acids such as Lys and Arg; acetamidomethyl, 
benzyl (Bn), or f-butylsulfonyl moieties can be used to protect the sulfide containing 
side chain of cysteine; benzyl (Bn) ethers can be used to protect the hydroxy 
5 containing side chains of serine, threonine or hydroxyproline; and benzyl esters can 
be used to protect the carboxy containing side chains of aspartic acid and glutamic 
acid. 

When Fmoc is chosen for the a-amine protection, usually fe/f butyl based protecting 
groups are acceptable. For instance, Boc can be used for lysine and arginine, tert- 
10 butyl ether for serine, threonine and hydroxyproline, and fe/fbutyl ester for aspartic 
add and glutamic acid. Triphenylmethyl (Trityl) moiety can be used to protect the 
sulfide containing side chain of cysteine. 

Once the elongation of the peptide is completed all of the protecting groups are 
removed. When a liquid phase synthesis is used, the protecting groups are 
IS removed in whatever manner is dictated by the choice of protecting groups. These 
procedures are well known to those skilled in the art. 

When a solid phase synthesis is used, the peptide is cleaved from the resin 
simultaneously with the removal of the protecting groups. When the Boc protection 
method is used in the synthesis, treatment with anhydrous HF containing additives 

20 such as dimethyl sulfide, anisole, thioanisole, or p-cresol at 0°C is the preferred 
method for cleaving the peptide from the resin. The cleavage of the peptide can 
also be accomplished by other acid reagents such as trifluoromethanesulfonic 
acid/trifluoroacetic acid mixtures. If the Fmoc protection method is used, the N- 
terminal Fmoc group is cleaved with reagents described earlier. The other 

25 protecting groups and the peptide are cleaved from the resin using solution of 
trifluoroacetic acid and various additives ?uch as anisole, etc. 

i 

1 . Synthesis of capping group B ; 

Different capping groups B are introduced in the following manner 

1 .1) When B is an arvt. aralkvl: the arvlated amino acids were prepared by one of the 
30 three methods below: 

a) Direct nucleophiiic displacement on a fluoro-nitro aryl moiety: 



Printed from Mimosa 00/03/16 11:12:16 Page: 38 



WO 00/09543 



PCT/CA99/00736 



37 



10 



15 




?3 




+ X 

(a) « (0 

Briefly, ^uoro-a-n^obenzotrifluonde (a, was reacted with L-amino acid (b> 
H^COOH ^^COOH 

Briefly, bromo^fluorobenzene (d) was reacted with L-amino acid (b) in the 

copper .od.de at 90=0 to yieid the desired N-ary, amino acid (e); or 
c) Nucleophilic displacement of a inflate by an aniline: 

W + TfO^COOBn f*\ & Cl 1* 

/° YVSjOOBn Y^N^COOH 

(0 M -° 

! n ® 

Bnefly, o-anisidine (f) was reacted with triflate (g, in the presence of a base 
such as 2,6-lutidine at 90°C to aive benn* IM u 
Pd/Cvta.,^ „ . 9lVeben2y,ester < h )- «ydrogenationwith10% 

Pd/C yielded the desired N-aryl arjtino acid (i). 

.1-2) When R is an aminnthi g ?c .| e dam/athL 
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a) FmooN-C=S 



HjN-PaHPa-PthCOOMe 



FmooNH-C(S)-HN-P 3 4P 2 -P 1 )-COOMe 



R1 



b) DBU. DMF 





N^NH-CtSJ-HN-Pa-fPj-P^COOMe 



.Br 



R2 

.OH 



^a) The Fmoc-thiocyanate prepared according to Kearney et ah, 1998, J. Org. 
Chem, 63, 196, was reacted with a protected P3 residue or the whole peptide 
or a peptide segment to provide the thiourea. 
5 b) The thiourea derivative is reacted with an appropriate bromoketone to 

provide the corresponding thiazole derivative. 

1 ,ai When B ifi ^-qok R r SfOW: 

Protected PS or the whole peptide or a peptide segment is coupled to an appropriate 
acyt chloride or sulfonyl chloride respectively, that is either commercially available or 
1 o for which the synthesis is well known in the art 
i a) whpn B is Rp-acn-: 

Protected P3 or the whole peptide or a peptide segment is coupled to an appropriate 
chloroformate that is either commercially available or for which the synthesis is well 
known in the art For Boc- derivatives (Boc) 2 0 is used. 

15 For example: i 




a) Cydobutanol is treated with phosgene to furnish the corresponding 
chloroformate. 



20 



b) The chloroformate is treated witti the desired NH 2 -tripeptide in the 
presence of a base such as triethytemine to afford the cyclobutylcarbamate. 
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1 .5) When B is R 4 -N(R 5 )-C(0)- or R -N w.r 

\ *W kj }> o^-NH-CfS)., protected P3 or the whole Deotidenr 

2. Synthesis of P2 moieties. 

2.1 Synt hesis of precursors- 

A) Synthesis of haloarylmethane derivatives. 

The preparation of halomethyi-^uinoiine lid was done according to the 

Scheme I! 



10 







15 



Briefly, 8-quinoline carboxylic acid ..a was converted to the corresponding 

agentsuchasiithiumaiuminiumhydride. Treatment of aicoho. lib with the 
appropriate hydrohaioacid gives the desired halo derivative lid. A specific 
embodiments of this process is presented in Example 1. 
B) Synthesis of aryl alcohol derivatives: 

^henyl-4-hydroxyquinoline derivatives lllc were prepared according to 
Giardina et al. (J. Med. Chem., (1997), jg, 1794-1807). 



20 



Scheme III 



1Kb 



PPA 




R22 & Rzt B = alkyl, OH, SH, halo, NH 2 , N0 2 . 
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Briefly, benzoylacetamide (Ilia) was condensed with the appropriate aniline 
(1Kb) and the imine obtained was cyclized with polyphosphoric acid to give 
the corresponding 2-phenyl-4-hydroxyquinoline (lllc). A specific embodiment 
of this process is presented in Example 2. 
Or alternatively, the process can be carried out in a different manner 

Benzoylethyl ester (Ilia) was condensed with the appropriate aniline (lllb) in 
the presence of acid and the imine obtained was cyclized by heating at 260- 
280°C to give the corresponding 2-phenyl-4-hydroxyquinoIine (lllc). A 
" specific embodiments of this process is presented in Example 3 (compound 
3e). 

2.2. Synthesis of P2: 

A) The synthesis of 4-subsBtuted proline (wherein R 2 is attached to the ring via a 
carbon atom) (with the stereochemistry as shown): 



Boc 




COOH 



15 



is done as shown in Scheme IV according to the procedures described by J. 
Ezquerra et al. (Tetrahedron, (1993), 1 38. 8665-8678) and C. Pedregal et al. 
(Tetrahedron Lett., (1994), 35, 2053-2056). 

Scheme IV 



o ^ o^ 

1 — i 



Boc 



Boc 




COOH 

IVa 



COOBn 

j IVb 



COOBn 

IVc 




20 



Boc' Y Boc' 

COOBn COOH 
IVd ive 

Briefly, Boc-pyroglutamic acid is protected as a benzyl ester. Treatment with 
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a strong base such as lithium diisopropytamido foliowed by addition of an 
alkylating agent (Br-R 20 or l-n»i „h, «. Y aadltl0n of an 

y 8 genqarH or l-R») g(Ves the desired compounds IVe after 

reductonoftheamideanddeprotectionoftheester. 

B) The synthesis of O-substituted-4-^hydroxyproline: 

i — r B 

COOH 

nay be canted out usinj the different presses described below. 
1)WhenR» jsay ,. ara »cy ( , Halor(kJwera , 

Med. Cbem. „, 87M85 , Brt0)|y commerc^,^,,,, 
M^P^^ted^abasesucbae sodium^ rfdeTp^T" 

^gfcethedes^conrpounds. Spe* ernbod^nts o, p™L 
are presented In Examples 4, 5 and 7. °"nrs process 

,1995). Tel Lett ^ 37^. ,<„,,„,„ « ( ' * "« 
Bne% commercial a™^ Boc^d™^ ^ ^ j' 

aaterlshydrolvzedtotheadd. SpecfcembooTme.* of this process are 
presented In Examples 6 and 8. s P«>ra*are 
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Scheme V 



OH 




O 



X-OorS 



0 



Va 



Vb 



Alternatively, the Mitsunobu reaction can be carried out in solid phase (Scheme V). 
The 96-well block of the Model 396 synthesizer (advanced ChemTech) is provided 
5 with aliquots of resin-bound compound (Va) and a variety of aryl alcohols or thiols 
and appropriate reagents are added. After incubation, each resin-bound product 
(Vb) is washed, dried, and cleaved from the resin. 

A Suzuki reaction (Miyaura et ai t (1981), Synth. Comm. 11, 513; Sato et a/., 
(1989), Chem. Lett., 1405; Watanabe et a/., (1992), Synlett., 207; Takayuki et 
10 a/., (1993), J. Org. Chem. 58. 2201; Frenette etaL t (1994), Tet. Lett. 35(49), 

9177-9180; Guiles et a/., (1996), J. Org. Chem. 61. 5169-5171) can also be 
used to further functionalize the aryl substituent. 

3. Synthesis of P1 moieties. 

3.1" Synthesis of the 4 possible isomers of 2-substituted 1-aminocvclopropyl 
15 carboxviic acid 

The synthesis was done according to scheme VI. 



Scheme VI 



+ halo' 



halo ' 




-R 
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b) 



H0 2 C 



x: 



R 1 



co 2 p 



R' is "syrr to the ester 




Vlf 

R'syn to ester 



X o 
P'coo m 



Vli OR 
R'antfto ester P* 




P'COO COOP 
Vlg 



P'COO , COOH 
Vlh 



a) Bnefly, di-protected malonate Via and 1 ,2-dihaloalkane Vlb or cyclic sulfate Vic 
(synthesized according to K. Burgess and Chun-Yen KE (Synthesis, (1996), 1463- 
1467) are reacted under basic conditions to give the diester Vld. 



b) A regioselective hydrolysis of the less hindered ester is performed to 
Vie. 



give the acid 



c) This acid Vie is subjected to a Curtiusi rearrangement to give a racemlc mixture of 
1-am.nocyclopropylcarboxylic acid derivatives Vlf with R 1 being syn to the carboxyl 
group. A specific embodiment for this synthesis is presented in Example 9. 
d, e) Alternatively, selective ester format^ from the acid Vie with an appropriate 
halide (P-co or alcohol (P'OH) forms diester Vlg in which the P* ester is compatible 
wrth the selective hydrolysis of the P ester. Hydrolysis of P ester provides acid Vlh. 
f) A Curtius rearrangement on Vlh gives a racemlc mixture of 1- 
15 aminocyclopropylcarboxylic acid derivatives Vli with R 1 group being antfto the 
carboxyl group. A specific embodiment for this synthesis is presented in Example 
14. 
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Ah alternative synthesis for the preparation of derivatives Vllf (when R 1 is vinyl and 
syn to the carboxyl group) is described below. 

Scheme VII 



R 



Ph N C0 2 P 
Vila 

R = H, atkyl t aryl 



+ halo" 



Vltb 



pV^N COJP 
Ph vile 

vinyl syn to the ester 



HCIH 2 N C0 2 P 
Vlld 

vinyl syn to the ester 



b, c, <T 



5 Treatment of commercially available or easily obtainable imines Vila with 1 ,4- 
dihalobutene Vllb in presence of a base produces, after hydrolysis of the resulting 
imine Vllc, Vlld having the ally! substituent syn to the carboxyl group. Specific 
embodiments of this process are presented in Example 15 and 19. 

Resolution of all of the above enantiomeric mixtures at carbon 1 (Vie and Vlld) can 
10 be carried out via: 

1) enzymatic separation (Examples 13, 17 and 20); 

2) crystallization with a chiral acid (Example 18); or 

3) chemical derivatization (Example 10). 

Following resolution, determination of the absolute stereochemistry can be carried 
15 out as presented in Example 11. 

i 

Enantiomeric resolution and stereochemistry determination can be carried out in the 
same manner for the enantiomeric mixtures at carbon 1 wherein the substituent at 
C2 is anS to the carboxyl group (Vli). ; 

3.2 Synthesis of 1-aminocvclobutvl carboxvlic acid 

20 The synthesis of 1 ,1 -aminocydobutanecarboxylic acid is carried out according to 
"Kavin Douglas ; Ramaligam Kondareddiar ; Woodard Ronald, Synth. Commun. 
(1985), 15 (4) ,267-72. 
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X = hak) 
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Scheme VIII 



o 

Vlllc 



Vllld HCI salt 



Briefly, treatment of compound Villa with a base in the presence of Vlllb gives the 
corresponding cyclobutyl derivative Vlllc. Hydrolysis of the isocyanate and ester 
groups of Vlllc under acidic conditions (HCI) yields the hydrochloride salt of the 1- 
amino-cyclobutylcarboxylic acid Vllld. The carboxylic acid is later esterified under 
methanol in HCI. A specific embodiment of this esterification is described In 
Example 21. 

3.3 Synthesis of 2-subs tituted 1-aminocvclobuM carboxvlic acid 

Scheme IX 




HJNCOfi 

2. hydrolysis ~ \/-"\ 

3. neutrafealkm 

IXe IXf 

a) A protected glycine ester derivative such as imine IXa is alkylated with an 
homoallylic electrophile IXb using an appropriate base such as a metal hydride, 
hydroxide or alkoxide. Useful leaving groups in IXb include halogens (X = CI, Br, I) 
or sulfonate esters (mesylate, tosylate or inflate). The allylic alcohol functionality in 
Kb is protected with hydroxyl protecting groups well known in the art (e.g. acetate, 
silyl, acetals). 

b) In a second step, the hydroxyl function of monoalkylated derivative IXe is de- 
protected and converted to a suitable electrophilic function X such as described 
above for compound IXb. 

c) Cyclizatjon of DCd to cydobutane derivative IXe is earned out by treatment with a 
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base (metal hydrides, alkoxides), followed by hydrolysis using aqueous mineral acids 
and neutralization with a mild base. At this stage, syn and antf-isomers of IXe can 
be separated by fiash chromatography. 

d) Optionally, the double bond in IXe can also be hydrogenated under standard 
5 conditions to yield the corresponding saturated derivative DCf. 

The invention further comprises a process for the preparation of a peptide analog of 
formula (I) wherein P1 is a substituted aminocyclopropyl carboxyiic acid residue, 
comprising the step of: 

■ coupling a peptide selected from the group consisting of: APG-P3-P2; or APG- 
10 P2; 

■ with a P1 intermediate of formula: 




wherein Ri is Ci^ alkyl, cydoaikyl or C 2 ^ alkenyl, alt optionally substituted with 
halogen, CPG is a carboxyl protecting group and APG is an amino protecting group 
1 5 and P3 and P2 are as defined above. 

The invention further comprises a process for the preparation of: 1)a serine protease 
inhibitor peptide analog, or 2) a HCV NS3 protease inhibitor peptide analog, this 
process comprising the step of: 

« coupling a (suitably protected) amino acid, peptide or peptide fragment with a P1 
20 intermediate of formula: 




wherein R t is Ci* alkyl, C3.7 cydoaikyl or 62s alkenyl, all optionally substituted with 
halogen, and CPG is a carboxyl protecting group. 

The invention therefore comprises a process for the preparation of: 1) a protease 
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compnsing the step of: yepuae analog, this process 

• coupling a (suitably protected) amino acid nontw 

intermediate of formula: " W "* ,ra9ment *■» 




O-CPG 

wherein CPG is a carboxyl protecting group. 

The invention also comprises the use of a P, intermediate of formuia: 




O-CPG 



The Invention also comprises the use of 




an intermediate of formula: 



O-CPG 



O-CPG 




O-CPG 




O-CPG 
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halogen, for the preparation of a compound of formula I as defined above. 
Finally, the invention also comprises the use of a proline analog of formula: 




wherein Rjma is Cn? alkyl; Cm alkoxy; lower thioalkyl; halo; amino optionally mono- 
5 substituted with alkyl; C e , C 10 aryl, C7.16 aralkyl or Het, said aryl, aralkyl or Het 
optionally substituted with R22 wherein R22 is alkyl, C1* alkoxy, amido, (lower 
alkyl)amide, amino optionally mono- or di-substituted with alkyl, or Het, and 

R21B is alkyl, alkoxy, amino, di(lower alkyljamino, (lower alkyl)amide, N0 2 , 
OH, halo, triffuoromethyl, orcarboxyl; 

10 for the synthesis of 1 ) a serine protease inhibitor peptide analog, 2) a HCV NS3 
protease inhibitor peptide analog, or 3) a peptide analog of formula I as defined 
above. 

EXAMPLES 

15 The present invention is illustrated in further detail by the following non-limiting 
examples. 

Temperatures are given in degrees Celsius. Solution percentages express a weight 
to volume relationship, and solution ratios express a volume to volume relationship, 
unless stated otherwise. Nuclear magnetic resonance (NMR) spectra were recorded 
20 on a Bruker 400 MHz spectrometer, the chemical shifts (S) are reported in parts per 
million. Rash chromatography was carried out on silica gel (Si0 2 ) according to Still's 
flash chromatography technique (W.C. Still etal., J. Org. Chem., (1978), 43, 2923). 

Abbreviations used in the examples include Bn: benzyl; Boc: ferf-butyloxycarbonyl 
{Me 3 COC(0)}; BSA: bovine serum albumin? CHAPS: 3-[(3-cholamidopropyl)- 
25 dimethylammonio]-1-propanesulfonate; DBU: 1 ,8-diazabicyclo[5.4.0]undec-7-ene; 
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CrV%= DCM: methylene chloride; DEAD: diethylazodicarboxylate; DIAD: 
diisopropylazodicarboxylate; DIEA: diisopropylethylamine; DIPEA: 
diisopropylethylamine; DMAP: dimethylaminopyridine; DCC: 1 ,3- 
dicydohexylcarbodiimide; DME: 1^-dimethyoxyethan'e; DMF: dimethyiformamide- 
DMSO: dimethylsulfoxide; DTT: dithiothreitol or threo-1, ^imercapto-a^titanediol- 
DPPA: diphenylphosphoryl azide; EDTA: ethylenediaminetetraacetic acid; Et ethyl- '. 
EtOH: ethanol; EtOAc: ethyl acetate; EfeO: diethyl ether; HATU: (a7- 
azabenzotriazol-l-yD-i.i.a.S-tetramethyluronium hexafluorophosphate]; HPLC- high 
performance liquid chromatography; MS: mass spectrometry (MALDI-TOP Matrix 
Assisted Laser Disorption lonization-Time of Flight, FAB: Fast Atom Bombardment)- 
LAH: lithium aluminum hydride; Me: methyl; MeOH: methanol; MES: (2-{N- 
moroholinojethane-sulfonic acid); NaHMDS: sodium bis(trimethylsilyl)amide; NMM- 
N-methylmorpholine; NMP: N-methylpyrrolidine; Pn propyl; Succ: 3- 
carboxypropanoyl; PNA: 4-nitrophenylamlno or p-nitroanilide; TBAF: tetra-n- 
15 butylammonium fluoride; TBTU:2-(1H-benzotriazole-1.y|).i,i I 3 ( 3. 

tetramethyluronium tetrafluoroborate; TCEP: tris(2-carboxyeth'yli phosphine 
hydrochloride; TFA: trifluoroacetic acid; THF: tetrahydrofuran; TIS: triisopropylsilane- 
TLC: thin layer chromatography; TMSE: trimethylsilylethyl; Tris/HCI: 
tris(hydroxymethy|)aminomethane hydrochloride. 

20 P2 BUILDING BLOCKS 

EXAMPLE 1 

Synthesis of bromomethyl-SHquinoline (1): 




25 



30 



(1) 

To commerdally available 8-quinoline carboxylic acid (2.5 g, 14.4 mmol) was added 
neat thionyl chloride (10 ml, 144 mmol). This mixture was heated at 80'C for 1 h 
before the excess thionyl chloride was distilled off under reduced pressure To the 
resulting brownish solid was added absolute EtOH (15-mL) which was heated at 
80°C for 1 h before being concentrated in vacuo. The residue was partitioned 
between EtOAc and saturated aqueous NaHC0 3> and the organic phase dried 
(MgSO,), filtered and concentrated to give a brownish oil (2.8 g). This material (ca 
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14.4 mmol) was added dropwise over 35 min to a LAH (0.76 g, 20.2 mmolj/E^O 
suspension which was cooled to -60°C. The reaction mixture was slowly warmed to 
-35°C over 1 .5 h before the reaction was complete. The reaction was quenched with 
MgSO4.10H 2 O slowly over 30 min and then wet THF. The mixture was partitioned 

5 between Et 2 0 and 10% aqueous NaHC0 3 .The organic phase was dried (MgSCU), 
filtered and concentrated to give a yellowish solid (2.31 g, 80% over 2 steps) 
corresponding to the alcohol. The alcohol (2.3 g, 1 1 .44 mmol) was dissolved in 
AcOH/HBr (20 mL, 30% solution from Aldrich) and heated at 70°C for 2.5 h. The 
mixture was concentrated in vacuo to dryness, partitioned between EtOAc (100 mL) 

10 and saturated aqueous NaHC0 3 before being dried (MgS0 4 ), filtered and 

concentrated to give the desired compound (1) as a brownish solid (2.54 g, 100%). 

Example 2 

Synthesis of 2-phenyl-4-hydroxyquinoline (2): 



15 Commercially available ethyl benzoyiacetate (6.00 g, 31 .2 mmol) was heated at 85°C 
(sealed tube) in 75 mL of 30% NH4OH for 2 'hours. The solid formed upon cooling 
was filtered and refluxed in water for 2 hours. The solution was extracted three 
times with CH 2 CI 2 . The organic layers were combined, dried over MgS0 4 , filtered 
and concentrated. The yellow residue was flash chromatographed on silica gel, 

20 eluting with EtOAc:hexane (3:7), to give the corresponding amide as a white solid, 
1.60 g, 31% yield. 

This amide (250 mg, 1.53 mmol) was reftuXed using a Dean-Stark apparatus with 
aniline (143 mg, 1.53 mmol) and aniline»Hbl (10 mg, 0.08 mmol) in toluene (10 mL) 
for 1 6 h. The solution was concentrated to; afford a brown oil that was mixed with 
25 polyphosphoric acid (2 g) and heated at 135°C for 20 min. The reaction mixture was 
poured into water and adjusted to pH 8 with 5 M NaOH, The aqueous suspension 
was extracted twice with ethyl acetate. Th$ organic layers were combined, washed 
with brine, dried over MgS0 4 , filtered and concentrated. The residue was flash 
chromatographed on silica gel, eluting with 3% MeOH in ethyl acetate, to give 2- 




OH 
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phen^-hydroxyqufnoline (2), 67 mg, 20% yield. 
'H NMR (DMSO-de) 8 8.11 (d, J = 7 Hz 1 HI 7rrio 

H). 7.68 (dd. J = 8, 7 Hz, 1 H) 7 617^, 83 ^ 2 H) " 7 77 «■ J « « Hz, 1 

t h) Hz, H), 7.61-7.58 (m, 3 H), 7.35 (dd, J = 8, 7 Hz, 1 H,, 6.34 (s. 

Example 3 



MeO 



,00 toluene 
MeO 

3« 3b 



noline (3) 



NHAr 



3c 




OMe 



3d 



260-280°C 
neat 



OH 



MeO 




3e 



-7-m^xyauinollne «* 

A solutta, of atiyl benzoytecelate (b) (loo o.»o „ 

'0 1.04mol)and4 N Ha/dtoxana «T, '' n '" a, * Si * 8 "» < ,2(U » 

Educed press™ to d™ a 1 „ „T ^ conMrtrate < 1 

=W («» my. The soaped - *— * 

4-Chloro.2. P heny|.7Hnethoxyq U inoHne (3). 

A "~-««'- >-00 MOO^s.a.ed.ore^,, 
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(dear solution obtained upon heating). The reaction mixture was concentrated 
under reduced pressure. The residue was partitioned between 1 N NaOH 
(exothermic, 10 N NaOH added to maintain high pH) and EtOAc (500 mL). The 
organic layer was washed with H 2 0 (100 mL) and brine (100 mL) then was dried 

5 (MgS0 4 ). filtered and concentrated under reduced pressure to give 3 (8.60 g, 96%) 
as a pale yellow solid: 1 H NMR (DMSO-d 6 ) 5 8.28-8.30 (m, 2H), 820 (s, 1 H). 8.10 (d. 

- J = 9.1 Hz, 1H). 7.54-7.58 (m, 3H), 7.52 (d, J = 2.5 Hz, 1H>, 7.38 (dd, J = 9.1, 2.5 Hz, 
1H). 3.98 (s, 3H). This reaction was repeated three times and gave always 96-98% 
yield which is significantly higher that the 68% yield reported in J. Med. Chem. 1997, 

10 40,1794. 

EXAMPLE 4 

Synthesis of Boc-4(flHnaphthalen.1-ylmethoxy) proline (4): 



15 



Boc 




(4) 



Commercially available Boc-4(fl>hydroxyproline (5.00 g, 21 .6 mmol) was dissolved 
in THF (100 mL) and cooled to 0°C. Sodium hydride (60% dispersion in oil, 1 .85 g, 
45.4 mmol) was added portionwise over 10 minutes and the suspension was stirred 
at RT for 1 h Then, 1-(bromomethyl)naphthalene (8.00 g, 36.2 mmol) (prepared as 
described in E.A. Dixon et al. Can. J. Chem., (1981), 59, 2629-2641) was added and 
the mixture was heated at reflux for 18 h.| The mixture was poured into water (300 
20 mL) and washed with hexane. The aqueous layer was acidified with 10% aqueous 
HCI and extracted twice with ethyl acetate, The organic layers were combined and 
washed with brine, dried (MgS0 4 ), filteredjand concentrated. The residue was 
purified by flash chromatography (49:49:2 jhexane: ethyl acetate: acetic acid) to give 
the title compound as a colorless oil (4.51 &, 56% yield). 1 H NMR (DMSOkJ 6 ) 
25 indicated the presence of two rotamers: 8 8.05 (m, 1H), 7.94 (m, 1H), 7.29 (d. J=14 
Hz, 1H). 7.55-7.45 (m. 4H). 4.96 (m. 2H). 426 (br. s. 1H). 4.12 (dd. J=J=8 Hz. 1H). 
3.54-3.42 (m. 2H). 2.45-2.34 (m, 1H). 2.07^1.98 (m. 1H) 1.36 (s. (3/9) 9H). 1.34 (s. 
(6/9) 9H). 
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Example 5 

Synthesis of Boc^KS^uinoline-methoxy) proline (5): 



0 

' °O^OH 




(5) 



Boc-Kfl).hydroxyproline (1.96 g, 8.5 mmol) in anhydrous THF (20 mL) was added to 
a suspension of NaH (1.4 g, 60% In oil, 34 mmol) in THF (100 mL). This mixture was 
stm-ed 30 min before bromomethyl-8-quinoline from Example 1 (2.54 g, 1 1 44 mmol) 
was added in THF (30 mL). The reaction mixture was heated at 70«C (5 h) before 
the excess NaH was destroyed carefully with wet THF. The reaction was 
concentrated, in vacuo and the resulting material was dissolved in EtOAc and H a O 
The basic aqueous phase was separated and acidified with 10% aqueous HCI to pH 
-5 before being extracted with EtOAc (150 mL). The organic phase was dried 
(MgS0 4 ), filtered and concentrated to give a brown oil. Purification by flash 
chromatography (eluent: 10% MeOH/CHCfe) gave the desired compound (5) as a 
pale yellow solid (2.73 g, 8 6 o/.). HPLC (97.5%); 'H-NMR (DMSO-d 6 ) shows rotamer 
populations in a 6:4 ratio. 8 12-1 1.4 (bs, 1H), 8.92 (2 x d, J = 4.14 and 4 14 Hz 1H) 
8.38 (2 x d, J = 8.27 and 8.27 Hz, 1 H), 7.91 (d, J = 7.94 Hz, 1 H), 7.77 (d, J = 7.0 Hz 
1H), 7.63-7.54 (m, 2H), 5.14 (2 x s, 2H), 4.32-4.29 (m, 1H), 4.14-4.07 (m, 1H), 3 52-' 
3.44 (m, 2H), 2.43-2.27 (m, 1H), 2.13-2.04 (m, 1H), 1.36 and 1.34 (2 x s, 9H). ' 
EXAMPLE 6 



Preparation of Boc^*>(7K>hlo^ (6) . 
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Commercially available Boc-4(S)-hydroxyproline methyl ester (500 mg, 2.04 mmol) 
and 7-chloro-4-hydroxyquinoline (440 mg, 2.45 mmol) were placed in dry THF (10 
mL) at 0°C. Triphenylphosphine (641 mg, 2.95 mmol) was added, followed by slow 
addition of DIAD (426 mg, 2.45 mmol). The mixture was stirred at RT for 20 h. The 
5 reaction mixture was then concentrated, taken up in ethyl acetate and extracted 
three times with HCI 1N. The aqueous phase was basified with Na 2 C0 3 and 
extracted twice with ethyl acetate. The organic layers were combined, dried over 
MgS0 4t filtered and concentrated to give a yellow oil. The oil was purified by flash 
chromatography to give the methyl ester as a white solid, 498 mg, 58% yield. 

10 This methyl ester (400 mg, 0.986 mmol) was hydrolyzed with 1 M aqueous sodium 
hydroxide (1 .7 mL, 1 .7 mmol) in methanol (4 mL), at 0°C, for 3 h. The solution was 
concentrated to remove the methanol and neutralized with 1M aqueous HCI. The 
suspension was concentrated to dryness and taken up in methanol (20 mL), the 
salts were filtered off and the filtrate concentrated to give the desired compound (6) 

15 as a white solid, 387 mg, quant, yield. 

1 H NMR (DMSO-de) (ca. 1:1 mixture of rotamers) 8 8.74 (d, J = 5 Hz, 1 H), 8.13-8.09 
(m, 1 H), 7.99 and 7.98 (s, 1 H), 7.58 (d, J = 9 Hz, 1 H), 7.02 (d. J = 5 Hz, 1 H), 5.26- 
5.20 (m, 1 H), 4.10- 4.01 (m, 1 H), 3.81-3.72 (m, 1 H), 3.59 (dd, J = 12, 10 Hz, 1 H), 
2.41 -2.31 (m, 2 H), 1 .34 and 1 .31 (s, 9H). 

20 EXAMPLE 7 

Synthesis of Boc^RH^Pheny^-^^ 0 ^ 11111011116 " 4 " 0 ^ P r0,lne t 7 ) 1 




Boc-4{RM2-phenyW-methoxyquinoline^-oxo) proline (7): 

Potassium tert-butoxide (8.16 g, 72.7 mmoj) was added in small portions, over 15 
25 min f to a solution of Boc-4(fl)-hydroxy proline (6.73 g, 29.1 mmol) in DMSO (83 mL) 
maintained at 25 °C. The mixture was stirred at 25 °C for 1.5 h. Chloro-2-phenyi-7- 
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methoxyquinoline 3 (8.61 g, 32.0 mmol) was added in 4 portions over 15 min to the 
reaction mixture. The reaction mixture was stirred at 25 »C for 19 h. The resulting 
suspension was poured in H 2 0 (650 mL) and the mixture was washed with EfeO (3 x 
150 mL) to remove excess chloroquinoline (EtOAc was later found to be more 
efficient). The aqueous layer was acidified with aqueous 1 N HCI (38 mL of 
calculated 1 .5 equiv. required, 43.6 mL) to pH 4 - 5. The white solid that 
precipitated was recovered by filtration. The moist solid was dried under reduced 
pressure over P 2 0 6 to give the proline derivative 7 (12.6 g, 91%, contains 2.3% w/w 
of DMSO) as a beige solid: 

'H NMR (DMSO.d e ) S (2:1 mixture of rotamers) 8.27 (d, J = 7.0 Hz, 2H), 8 00 7 98 
(2d, J = 9.2, -9.2 Hz. 1H), 7.48-7.56 (m, 3H), 7.45, 7.43 (2s, 1H), 7.39 (d J = 2 5 Hz 
1H), 7.17 (dd, J = 9.2, 2.5 Hz, 1H), 5.53-5.59 (m, 1H), 4.34wj.41 (m, 1H), 3.93 (s 
3H), 3.76 (broad s, 2H), 2.63-2.73 (m, 1H), 2.32-2.43 (m, 1H), 1.36, 1.33 (2s, 9^. 
Example 8 

15 Synthesis of Boc-»r/?X2-phenyl^nttroquInoline-4-oxo) proline (8): 



10 




(8) 

Diethyl azodicarboxylate (0.77 mL, 4.89 mrnol) was added dropwise to a stirred 
solution of triphenylphosphine (1 .28 g, 4.8$ mmol) in 15 mL of tetrahydrofuran at 
O'C. After 30 min. of stirring under nitrogen a solution of Boc-4(S)-hydroxyproline 
20 methyl ester (1 .00 g, 4.08 mmol) was added in 5 mL of tetrahydrofuran followed by a 
suspension of commercially available 6-nitro-2-phenyl-4-quinolinol (1.30 g, 4.88 
mmol) in 10 mL of the same solvent The red mixture was stirred for 15 min atO'C 
and at RT overnight The solvent was evaporated in vicuo. The remaining oil was 
diluted in ethyl acetate and washed twice with sodium bicarbonate, once with water 
and once with brine. The organic layer was dried (MgS0 4 ), filtered and evaporated 
in vacuo. The residue was chromatographed over silica gel (70:30 vM hexanes- 
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ethyl acetate) affording the desired methyl ester as a light yellow solid (1 .70 g r 85%). 

1 H NMR(CDCI 3 ) rotamers = 3:7 6 9.03 (d, J = 2.5 Hz, 1 H). 8.46 (dd, J = 9, 2.5 Hz, 
1H), 8.18 (d, J = 9 Hz ( 1H), 8.14-8.07 (m, 2H), 7.59-7.50 (m, 3H), 7.19 (s, 1H), 5.39- 
5.30 (m, 1H) ( 4.67 (t, J = 8 Hz, 0.3H)> 4.61 (t, J = 8 Hz, 0.7H), 4.07-4.01 (m, 2H), 
5 3.81 (s, 3H), 2.89-2.73 (m, 1H) f 2.55-2.47 (m ( 1H) ( 1.49 (s, 2.7H), 1.45 (s, 6.3H). 

To a solution of the methyl ester (503 mg, 1 .02 mmol) in a mixture of THF: H 2 0 
(10:4 mL) was added lithium hydroxide monohydrate (85 mg, 2.05 mmol). 2 mL of 
MeOH was added in order to get an homogeneous solution. A white precipitate 
resulted within 30 min. The resulting suspension was stirred at RT for an additional 
10 6 h. The reaction mixture was diluted with an aqueous solution of citric acid 1 0% 
and extracted with ethyl acetate. The organic layer was dried (MgS0 4 ), filtered and 
evaporated in vacuo to afford 41 6 mg (85%) of the desired acid (8). 

*H NMR (DMSO-d 6 ): 5 8.92-8.87 (m t 1H) f 8.47 (dd, J = 9, 3Hz, 1H), 8.38-8.32 (m ( 
2H), 8.19 (d, J = 9 Hz, 1H), 7.77 (s, 1H), 7.62-7.55 (m, 3H) f 5.73-5.66 (m, 1H), 4.41 
15 (t, J = 8 Hz, 1 H), 3.89-3.76 (m, 2H) f 2.83-2.72 (m t 1 H), 2.47-2.35 (m, 1 H), 1 .38 (s, 



Example 9 

A) Synthesis of mixture of (1R, 2R)I(1$, 2R) 1-amino-2-ethylcyclopropyI 
20 carboxylic acid 



9H). 



P1 BUILDING BLOCKS 




9a 



9b 



9c 




ethyl syn to the ester 



9e 
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_d)1.0MTBAF 
THF 

RT to reflux H * N ' ' co 2 tBu 

ethyl syn to ester 
mixture (RR)/(SR) 



5 mm* The reacton mMum „as vigorous,,, sftrcd „ ^II ^ . 
"quenwy washed w„n „a ter (3x) „ d ^ * « <* - 

1-39 (m. 1H). 1.26-1.64 (m. 3H), 1.02 ft 3H . J, 7.6 Hz). 

etnerOOOmUatO-C was added ,270 pL, isxommol , , JZgZ 
*> (3.676 g, ,3.59 mmon „ after ,10 ml) was added 1 »T 

0 13" TT" COnMn,ra^OT, ' " ,e red — « « as a pate ye„ow 

3A 8.2 Hz. 1H), 1.61- 1.70 <m, 1H), 1.66 dd. J=3.o, M 2 Hz. 1H) 1 63 , « , 
1H),1.51( S , 8H ), 1J ) ft j = 7.3Hz,3H). | 1.6S-1.56<m. 

c) To the add 9d (2.017 g, 8.414 mmol) In'' dry benzene (35 m , > „ 

u,,uiea ^ E «° successive y washed with a 1 n v 
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10 



15 



purified by flash chromatography (5 cm, 10% AcOEt- hexane) to afford the desired 
carbamate 9e (2.60 g, 7.88 mmol, 84% yield) as a pale yellow oil. MS (FAB) 330 
(MH + ); 1 H NMB (CDCI 3 ) 8 5.1 (bs, 1H). 4.18-4.13 (m, 2H), 1.68-1.38 (m, 4H), 1.45 (s. 
9H), 1.24-1.18 (m, 1H), 1.00-0.96 (m, 5H), 0.03 (s, 9H). 

d) To carbamate 9e (258 mg, 0.783 mmol) was added a 1.0 MTBAF solution in THF 
(940 nL, 0.94 mmol, 1.2 eq.). After 4.5 h an additional amount of 1.0 M TBAF was 
added (626 u.L, 0.63 mmol, 0.8 eq.). The reaction mixture was stirred overnight at 
RT, refluxed for 30 min and then diluted with AcOEt. The solution was successively 
washed with water (2x) and brine. After the usual treatment (MgS0 4 , filtration and 
concentration) the desired amine 9f was isolated ( 84 mg, 0.453 mmol, 58 % yield) 
as a pale yellow liquid. 1 H NMR (CDCfe) 6 1.96 (bs, 2H), 1.60-1.40 (m, 2H). 1.47 (s, 
9H), 1.31-1.20 (m, 1H), 1.14 (dd, J.4.1. 7.3 Hz, 1H). 1.02 (dd, J- 4.1. 9.2 Hz. 1H). 
0.94 (t, J=7.3Hz,3H). 
EXAMPLE 10 

Chemical resolution of f-butyl-(m 2RWS, 2R) 1-amino-2-ethylcyclopropyl 
carboxylate (from Example 9): 



Boc- 




9e 

mixture of 

(KR)/(S,R) "\ 1Qa 10b 

Isomer^ separated by column chromatography. 
IRR Isomer SR Isomer 

Compound 9e from Example 9 (8.50 g , 2^6 mmol) was treated with 1M 
TBAF/THF (26 mL) at reflux for 45 min. The cooled reaction mixture was diluted 

20 with EtOAc, washed with water (3x) and brine (1x), then, dried (MgS0 4 ). filtered and 
evaporated to provide the free amine as a light yellow oil. The free amine was 
dissolved in anhydrous CH 2 CI 2 (120 mL) . NMM (8.5 mL , 77.57 mmol). compound 4 
(Examples (1 0.08 g. 27.1 5 mmol) and HATU (11. 79 g. 31 .03 mmol) were added 
successively. The reaction mixture was stirred at RT overnight, then worked up as 

25 described previously. The crude diastereonieric mixture was separated by flash 
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chromatography (eluent - hexane ■ Euo • ?k . 7CX , . _ 

/v «*ane . ttaO , 25 . 75) to provide the dipeptide 10a (the 

to ^lar elutng sp«) as a white foam (4.42 g ; 64% of the BieoreliJI yisld) arT 

5 re ^ S ^ W ^^^^'«»*^«Vwe s J„„, 
Example 11 

D««n,.n.«on ., *. Rotate — «*— ot compos ,0, a™. , Ob by 
con«I.bo n wl,hl m ow„,^ l(1 ^ n , ln « R<rt ^ w ^ xyi>te » 



10 



15 



20 



NH 

1r 




o 

11a 

published compound 



HQ . H 




O 

11b 



Boc-N. 




Boc-N 



11c 




NMF? COmpafison ^ uc « HPI -C and 



the absolute stereochemistry as shown, which was determined by X-ray 

crystallography (J. Am. Chem. Soc. 1995 1 117 1979^ n 

' ias ^iIZ- 12 ~21) . Compound 11a ( 13.2 mg 

*«m. The n«um was evaporcted to d^ess to prcvioe compos , 1b as a Ugh, 
^pasto^wasooupfedtooo^*,,^^.^^^^^ 

mCffcCfc. Tte^matertalwaspuffladbyflash*™^^,,^,. 

TLC, HPLO and NMR companion , d^e 11c. was fouhd to be IdenfJca, to the 
less pofcr con^u™, ,0a obtoined ,n Exalte ,o. fas „ absofcte 



Printed from Mimosa 00/03/16 11:12:50 Page: 61 



WO 00/09543 PCT/CA99/00736 



20 




60 

stereochemistry of 10a as (1R.2R). 
EXAMPLE 12 

Preparation of (1R, 2R)/(1S, 2R) 1-Boc-amino-2-ethylcyclopropylcarboxylic 
acid: (12a) 

1. TFA,0'C . O 

2. -aq. NaOH, THF ~>-f> N 
Me 3 Si-^ " H " q (Boc)20 7^> H 

5 - 9e 12a 

The carbamate 9e from Example 9 (2.6 g, 7.88 mmol) was stirred for 40 min in TFA 
at 0 °C. The mixture was then concentrated and diluted with THF (10 mL). An 
aqueous NaOH solution (700 mg, 17.5 mmol in 8.8 mL of H20) was added followed 
by a THF (13 mL) solution of (Boc) 2 0 (2.06 g, 9.44 mmol, 1 .2 eq.). The reaction 

1 o mixture was stirred overnight at RT(the pH was maintained at 8 by adding a 1 0 % 
aqueous NaOH solution when needed), then diluted with H 2 0, washed with EfeO 
(3X) and acidified at 0 °C with a 10 % aq. citric acid solution. The aqueous layer was 
extracted with EtOAc (3X) and successively washed with H 2 0 (2X) and brine. After 
the usual treatment (MgS0 4 , filtration and concentration) the desired Boc-protected 

15 amino acid (12a) (788 mg, 3.44 mmol, 44 % yield) was isolated. 'H NMR (CDCI 3 ) 8 
5.18 (bs, 1H), 1.64-1.58 (m, 2H), 1.55-1.42 (m, 2H), 1.45 (s, 9H), 1.32-1.25 (m, 1H), 
0.99 (t, 3H, J=7.3 Hz). 

Preparation of ( 1 R, 2R)f(1S, -Boc-amino-2-ethylcycIopropylcarboxyllc acid 
methyl ester: (12b) 



CHgN^tgO 



0°C '■ 

12a 12b 

The Boc derivative 12a (0.30 g, 1.31 mmol) was dissolved in Et20 (10 mL) and 
treated with freshly prepared diazomethane in EfeO at 0 °C until the yellow color of a 
slight excess of diazomethane remained. After stirring for 20 min at RT the reaction 
mixture was concentrated to dryness to give 12b as a clear colorless oil (0.32 g f 
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,00%, ^HNMR ( CDC W6 5, 1H) , 3 . 71 (s . 3 „, ,» Wfca , 1a ,„„ 

Example 13 

Enzymatic resolution of methyl ^ 2 W s, 2R) Bocl-amlno-2. 
5 ethylcyclopropyl earboxylate: 



^°°H^" e a)Alcalas ! 



12b 

mixture of 
(S,Ry(R,R) 





O 

13b (S,R)» 



^o2i 8 Jl« L ,° USln9 Ch ' raICeKS 0D -« «*-» 
other esters also acceptable (eg. Et) 

y analysis oy HPLC using a chiral column [ChiralceKB OD-H ? «w 

Example 14 
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HO C/CCUBu CH 3 CN allyl0 2 C / C0 2 tBu 
2 9d RT 



ethyl syn to the ester 

e)B/*DPPAbanzBre 

d)TFA,CH 2 O i «" Mm ' ww 



14a 



RT *O0C ^ -*°oC ITVv^ 

14b 1* 

' MU 




f)1.0MTBAF 



THF allylOOCT NH 2 

RT to reflux i4d 

ethyl anti to the acid 
(RS)/(SS) 

Starting from acid 9d described in Example 9: 

5 c) To 9d (1 .023 g, 4.77 mmol) in CH 3 CN (25 mL) were successively added DBU 
(860 ^L, 5.75 mmol, 1.2 eq.) and allyl bromide (620 jiL, 7.16 mmol. 1.5 eq.). The 
reaction mixture was stirred for 4 h at RT and then concentrated. The residue was 
diluted with EfeO and successively washed with a 10 % aq. citric acid solution (2x), 
HA saturated aqueous NaHC0 3 , H 2 0 (2x) and brine. After the usual treatment 

10 (MgS0 4 , filtration and concentration) the desired ester 14a was isolated (1.106 g, 
3.35 mmol, 91 % yield) as a colorless oil. MS (FAB) 255 (MH*); 'H NMR (CDCI 3 ) 8 
5.96-5.86 (m. 1H). 5.37-5.22 (m, 2H), 4.70-4.65 (m. 1H), 4.57-4.52 (m. 1H), 1.87- 
1.79 (m, 1H), 1.47 (s, 9H), 1.45-1.40 (m, |1H), 1.33-1.24 (m, 3H), 1.03 (t, J=7.3 Hz. 
3H). 

15 d) To ester 14a (1 .106 g, 4.349 mmol) In dry CH 2 CI 2 (5 mL) at RT was added TFA (5 
mL). The reaction mixture was stirred for 1 .5 h and then concentrated to afford 14b 
(854 mg, 4.308 mmol, 99 % yield). MS (F^B) 199 (MH*); 'H NMR (CDCb) 8 5.99- 
5.79 (m, 1H), 5.40-5.30 (m, 2H), 4.71-4.62 (m, 2H). 252-2.00 (m, 2H). 1.95-1.88 (m, 
1 H), 1 .84-1 .57 (m, 2H), 0.98 (t J= 7.3 Hz, 3H). 

20 e) To acid 14b (853 mg, 4.30 mmol) in dry: benzene (14.8 mL) were successively 
added Et^N (684 uL, 4.91 mmol, 1.14 eq.);and DPPA (992 jiL, 4.60 mmol, 1.07 eq.). 
The reaction mixture was refluxed for 4.5 h then 2-trimethylsilylethanol (1.23 mL. 
8.58 mmol, 2.0 eq.) was added. The reflux was maintained overnight then the 
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reaction mixture was diluted wrth EfeO and successively washed with a 10 % 
aqueous citric acid solution, water, saturated aq. NaHC0 3l water (2x) and brine 
Afterthe usua, treatment (MgSO,, filtration, concentration) the residue was flash 
chromatographed (5 cm, 10 to 15 % AcOEt- hexane) to afford carbamate 14c 
1 -2129, 3.866 mmol, 90 % yield) as a pale yeilow oil. MS (FAB) 314 (MH*)- <H NMR 

4.20-4,1 (m , 2H) , 1.7^.60 (m , 3 H), 1.39-1.22 (m , 1 H)( i. 0a(t , J= 7 . 6 H2> 3H ) 
0.96-0.86 (m,1H), 0.04 (s,9H). '°«Z.3H), 

THF (1 .62 mL, 1 .62 mmol, 2.0 eq.). The reaction mixture was stirred overnight at RT 

concen^on) the desired amine 14d was isolated (122 mg, 0.721 mmoi, 89 « yield, 
asapa,eye,.ow„quidJHNM^ 

(d. J= 5.7 Hz, 2H), 1.75 (bs, 2H), 1.61-1.53 (m, 2H), 1.51-1.42 (m, 2H) 1 00 ft J- 
7.3 Hz, 3H), 0.70-0.62 (m, 1H). ft J ~ 

EXAMPLE15 

Synthesis o, ethy.K1l W sy(1S >2 SH-mino.2.vinv.cyc,o P rop y , carboxyiate: 

Ph 

^J^ x\ + Rr-^N^N^Br ' a)qBuOK 



15a - 2 1» 



THF 
-78 °C to 0 °C 




b)1Naq. HQ 

c) NaHC0 3 
^ <*) 4N HCl/dioxane 



[ X 

HCI^N C0 2 Et 
■ 15d 
wiylsyn to ester 



20 



a) T. a THF Ration (180mL) of teMutoxide 

THF (45 mL). The reaction mixture was wslrmed to 0°C and stirred at this 

ot ..^bromobutene ,e.o g . 37.40 moron and then sM u ^ l0 , , „ J°" 
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cooled back to -78 °C for the addition of potassium fert-butoxide (4.62 g, 41 .17 
mmol, 1 .1 eq.). The reaction mixture was finally stirred one more hour at 0°C and 
concentrated to yield compound 15c. 

b, c, d) 15c was taken up in EfeO (265 mL) and treated with a 1 N aq. HCI solution 
(106 mL). After 3.5 h at RT, the layers were separated and the aqueous layer was 
washed with EfcO (2x) and basified with a saturated aq. NaHC0 3 solution. The 
desired amine was extracted with EtjO (3x) and the combined organic extract was 
washed with brine. After the usual treatment (MgSO<, filtration and concentration) 
the residue was treated with a 4N HCI solution in dioxane (187 mL, 748 mmol). After 
concentration, hydrochloride salt 15d was isolated as a brown solid (2.467 g, 12.87 
mmol, 34 % yield). 1 H NMR (CDCI 3 ) 5 9.17 (bs, 3H), 5.75-5.66 (m, 1H), 5.39 (d. J= 
17.2 Hz, 1H), 5.21 (d. J= 10.2 Hz, 1H), 4.35^.21 (m, 2H), 2.77-2.70 (m, 1H), 2.05 
(dd, J= 6.4, 10.2 Hz, 1H), 1.75 (dd, J= 6.4, 8.3 Hz, 1H).1.33 (t, J= 7.0 Hz, 3H). 

EXAMPLE 16 

Preparatlon.of (1 R^S/*S^S>1-Boc-amlno-2-vlnylcyclopropyl carboxylic acid 
ethyl ester: 



The hydrochloride salt 15d (1 .0 g, 52 mm ; ol) and (Boc) 2 0 (1 .2 g, 5.7 mmol) were 
dissolved in THF (30 mL) and treated with DMAP (0.13 g, 1 .04 mmol, 0.2 equiv.) and 

20 diisopropylethylamine (2.8 mL, 15.6 mmol). The reaction mixture was stirred 24 h 
before being diluted with EtOAc (40 mL) apd washed successively with sat NaHC0 3 
(aq), 5% aqueous HCI, and sat brine. The organic phase was dried (MgS0 4 ), filtered 
and concentrated to give after purification by flash chromatography (15% 
EtOAc/hexane), 16a (0.29 g, 23%). 'H NMR (CDCfe) 8 5.80-5.72 (m, 1H), 5.29-5.25 

25 (dd, J = 17.2, 17.2 Hz, 1H). 554-5.1 (bs. 1H), 5.10 (dd, J = 9.2. 9.2 Hz, 1H), 4.22- 
4.13 (m, 2H), 2.15-2.04 (m. 1H), 1.85-1.73;(bs, 1H), 1.55-1.5 (m, 1H). 1.49 (s, 9H), 
1.26 (t, J = 7.3 Hz, 3H). 




15d 



vinyl syn to ester 
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Example 17 

Enzymatic resolution of ethyl (1R,2Sy(1S,2S) 1-amino-2-vinyl<*clop rop y| 
carboxylate: 

H O NaOH H " 

16a ° 

vinyl syn to ester 17a(S,S) 

•Analysis by HPLC using Chlralcei® OD-H column 

5 a) Racemic derivative 17a (0.29 g, 1 .14 mmol) was dissolved in acetone (5 mL) and 
diluted with H 2 0 (10 mL). The pH was adjusted with 0.2N aqueous NaOH to 7 2 
before Alcalase® was added (300 mg). To keep the pH constant during incubation 
a NaOH solution was added by a pH stat titrator over 9 days until the theoretical 
amount of base had been added. Following acid/base extraction as described In 
10 Example 13, the unhydrolyzed ester (0.15 g, 100%) and the hydrolyzed material 
(0.139 g, 95%) were isolated. Analysis of the unhydrolyzed ester by HPLC using a 
chiral column showed a ratio of 43:1 of the desired compound 17c that was 
assigned the (R.S) stereochemistry based on chemical correlation as described in 
Examples 10 and 11. 

15 Conditions for HPLC analysis: Chiralcel® OD-H (4.6 mm x 25 cm), isocratic 
conditions using a mobile phase of 2.5% isopropanol/hexane. 

EXAMPLE 18 

Resolution of (1R,2Sy(1S,2S) l-amlno-i-vlnylcyclopropyl carboxylate by 
crystallization with dibenzoyl-D-tartaric acid 




HCI.H 2 N^ " '° Et 



(18) 

To a solution of crude racemic (1S.2S and 1 R, 2S) ethyt 1-amino-2-vinylcyclopropyl 
carboxylate [obtained from N-(diphenylmethylene)glycine ethyl ester (25.0 g 93 5 
mol) as described in Example 15] in EtOAc <800 mL) was added dibenzoyl-D-tartaric 
acid (33.5 g, 93.5 mol). The mixture was heated to reflux, left at RT for 15 min then 
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cooled to 0°C. A white solid was obtained after 30 min. The solid was filtered, 
washed with EtOAc (100 mL) and air-dried. The solid was suspended in acetone 
(70 mL) ( sonicated and filtered (3x). The solid was next recrystallized twice in hot 
acetone (crop A). The mother liquors were concentrated and the residue was 
recrystallized three times in hot acetone (crop B). The two crops of the amorphous 
white solids of dibenzoyl-D-tartaric acid salt were combined (5.53 g) and suspended 
in a mixture of EfeO (250 mL) and saturated NaHC0 3 solution (150 mL). The 
organic layer was washed with brine, dried (MgS0 4 ) and filtered. The filtrate was 
diluted with 1 N HCI/EfeO (100 mL) and concentrated under reduced pressure. The 
oily residue was evaporated with CCU to afford ethyl 1 (fl>amino-2fS>vinyl 
cyclopropanecarboxylate hydrochloride (940 mg, 11% yield) as a white hygroscopic 
solid: [a]* +39.5°C (c 1.14 MeOH); [a]^ +88.5°C (c 1.14 MeOH); *H NMR (DMSO- 

d 6 ) 5 9.07 (broad s, 2H), 5.64 (ddd, J=17.2, 10.4, 8.7 Hz, 1H), 5.36 (dd, J=17.2, 1.6 
Hz, 1H), 5.19 (dd, J=10.4, 1.6 Hz, 1H) f 4.24-4.16 (m, 2H), 2.51-2.45 (m, peaks 
hindered by DMSO, 1H), 1.84 (dd, J=10.0 f 6.0 Hz, 1H), 1.64 (dd, J=8.3, 6.0 Hz, 1H), 
1.23 (t, J=7.1 Hz, 3H); MS (ESI) m/z 156 (MH) + ; the enantiomeric purity was 
determined to be 91% ee by HPLC analysis (CHIRALPAK AS* column, Hex>PrOH) 
of the Boc derivative. 



Example 19 

20 Preparation of (1 R,2S)/(1 S, 2S)-1 -amino-2-vinylcyclopropane carboxylic acid 
methyl-ester hydrochloride (1 9f) 



cr- 



H 3 N + ^C0 2 Et .HQ 
19a 



Na^/TOME 
EtaN 




N C0 2 Et 



19b 



19c 



LiOtBu (2.1 equiv) 
toluene / RT 
then H3O+ then NaOH 



H,N C0 2 Et bo^q BocHN 0O 2 Et NaOMe 



19d 



19e 



BocHN^CC^Me 
19f 



25 



Preparation of imine 1 9b 

Glycine ethyl ester hydrochloride 19a (1519.2 g, 10.88 mole, 1 .0 equiv) was 
suspended in tert-butylmethyl ether (8 L). 'Benzaldehyde (1 155 g, 10.88 mole, 1 
equiv) and anhydrous sodium sulfate (773 g, 5.44 mole, 05 equiv) were added and 
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30 



^.e^s-C^^^ Triethyjamine (2275 mL ,e32 
mole, 1.5 equiv was added dropwise ovens mi n/ omL - 16 - 32 

Preparation of racemic N-Boc-ZIR 2SWi<? 9<!\ 1 - • „ 

s. '".»y(is f 2S)-l-amino-2-vinylcvcloDroMno 

carboxyhc acid ethyl-ester hydrochloride 19e: ^propane 

Lithium tert-butoxide (A 2m n *o * mi .,, « . 

IS (60mL). IntolHM^Z?^*'"™**^ 

■ 25 mmn, 1 • v ' 1,05 ""*) and ^01*6* 19c (5 348 o 

25 mmol, 1 equiv) were dissolved in dry toluene rcn mi > „ ... 9 ' 

The orgarac phases were combhed, 1 N HCI (60 mL, »as added a ™/I 

phases^ Jr^'I^ * V " mS "»™««*» 
wasadded. A^^ove^.a.^l^^ho^ ' ^ 
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under vacuum (4.014 g, 63% yield). 

1 H NMR (CDCI 3 , 400 MHz) 5 5.77 (ddd, J = 17, 10, 9 Hz, 1H), 5.28 (dd t J = 17, 1.5 
Hz, 1H), 5.18 (broad s, 1H), 5.11 (dd J = 10, 1.5 Hz, IH), 4.24-4.09 (m, 2H), 2.13 (q, 
J 8 8.5 Hz, 1 H), 1 .79 (broad m, 1 H), 1 .46 (m, 1 H), 1 .45 (s, 9H), 1 .26 (t, J = 7 Hz, 3H). 

5 Preparation of title compound 19f via trans-esterification of 19e : 

Ethyl ester 19e (10.807 g, 42.35 mmol) was dissolved in dry methanol (50 mL) and a 
solution of sodium methoxide in MeOH (25 % w/w, 9.7 mL, 42 mmol, 1 equivalent) 
was added. The mixture was heated at 50 °C for 2 h, at which point TLC analysis 
indicated complete trans-esterification (19e R f 0.38, 1 9f R f 0.34 in 20% 

10 EtOAc/hexane). The reaction mixture was cooled to room temperature and acidified 
to pH 4 using 4N HCI in dioxane. Precipitated NaCI was removed by filtration (use 
tert-butylmethyl ether for washings) and volatiles removed under reduced pressure. 
Tert-butylmethyt ether (1 00 mL) was added to the residue and solids removed by 
filtration. Evaporation of the filtrate under reduced pressure and drying under 

15 vacuum gave pure methyl ester 19f (10.1 1 g, 99% yield). 

1 H NMR (CDCI 3 , 400 MHz) 8 5.75 (ddd f J = 17, 10, 9 Hz, 1H), 5.28 (dd, J = 17, 1 Hz, 
1H), 5.18 (broad s, 1H), 5.11 (ddd, J = 10, 1.5, 0.5 Hz, 1H), 3.71 (s. 3H), 2.14 (q, J = 
9 Hz, 1 H), 1 .79 (broad m, 1 H), 1 .50 (broad m, 1 H), 1 .46 (s, 9H). 

EXAMPLE 20 i 

20 Enzymatic resolution of (1 R,2S)-1 -amino-2-vinyIcyclopropane carboxyiic acid 
methyl-ester hydrochloride 



BocHN COgMe 



Alcalase2.4L 



BocHN COjMe 



19f pH 8.2-8.5 



20a 



4N HCI-dioxane 



! X HCI 
HjN CO z Me 



20b 



Preparation of N-Boc-(1R,2S)-1-amino-2-vinylcydopropane carboxyiic acid methyl 
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ester 20a: 



25 



30 



Race,* este, ,9,(0.200 0.83 ^ «. dlssohed „ aMtene 

pHofta^atO^anauto™*,,^,. Aibegta^o^andSof 

bnne. the oman* ^ ^ driKl (MgS0<) ^ » «* 

^20,(0.0599, ^^was^asac^o, .HNM R I Mto 

o. compound m HPtc (CMce, ODH, 4.6 * 250 mm, isocn* ,% EtOHto 
J^M****..*^ ftl9 , mi „ (97%) . 

Compos 20a (39.96 0 . 165 . 7 ^ ^ ^ 

undo, ^ pressure, and toe resjdue co^apo^ ^ ^ „ , ,„„ 

ml). ^(300 n,L, and MeOH ,10 mL) „e re added to^e^,^ JJZ 
1. s*ned oven„ ght a, noom temperas ^ h „ , a 

^aoM.A^.i^MeOHnsmywasaddedands^aconLedTTht 
IT,^ .mep„d„™ed 
«*5%MeOH,ne mer( 50 my ^e^(2x 6 „mL,,a n ddned*, ra c U „ l „ 0lV a 

»* W Bom .radons were p„ re en^h for use ,„ ^ 17 » 

protease inhibitors: [ajo 25 +38.2° (c 1.0. MeOH). 

•H NMR ,400 MHz, OMSO-ds) 8 9.,S 0™* a. 3H). 5.65 (ddd. .U ,7 10 9 Hz ,H, 
5^,dd, J = , 7 . 15 Hz.,H,.5., 9( dd. J , < „.,^, H ,3; 4( ;3 7 H 0 ' 9 M H ' ,H '' 
°veriapv^DMSOsk,nal,J..9Hz 1H > ian/*. , **" wa * aSB *l. 
6HZ.1H). 9Ht1H >'?- 86 «*'- l =l0.6Hz,,H),1.e4(dd,J = 8, 
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EXAMPLE 21 



Synthesis of 1-aminocyclobutyl carboxyiic acid methyl ester 




HCI/CH3OH 




OMe 



O 



0 



HCI salt 



21b 



21a 



1,1-aminocydobutanecarboxyIic acid was prepared according to Kavin Douglas ; 

5 Ramaligam Kondareddiar ; Woodard Ronald, Synth. Commun. (1985), 15 (4) , 267- 
72 . The amino acid salt (21a) (1.00 g. , 6.6 mmoles) was stirred in dry methanol (40 
ml) at -20°C and mixture saturated with dry hydrogen chloride to yield (21b). Stirring 
of this mixture was continued for 4 h. The hot solution was filtered and filtrate 
concentrated (Rotavap, 30°C ) to leave a residue which upon trituration in ethyl ether 

10 afforded a white powder ( 0.907 g. , 83% ) after filtration and drying. 'H NMR 

(400MHz, D 2 ) 5 CH3O (3H, s, 3.97 ppm) ; CH 2 (2H, m, 2.70-2.77 ppm); CH 2 (2H, m, 
2.45-2.53 ppm) and CH 2 (2H, m, 2.14-2.29 ppm). 



Example 22 

15 General procedure for coupling reactions done on solid support 

The synthesis was done on a parallel synthesizer model ACT396 from Advanced 
ChemTech* with the 96 well block. Typically, 24 peptides were synthesized in 
parallel using standard solid-phase techniques. The starting (Fmoc- 
amino)cyctopropane (optionally substituted) carboxyiic acid-Wang resin were 
20 prepared by the DCC/DMAP coupling method (Atherton, E; Scheppard, R.C. Solid 
Phase Peptide Synthesis, a Practical Apprbach; IRL Press: Oxford (1989); pp 131- 
148). ; 

Each well was loaded with 100 mg of the starting resin (approximately 0.05 mmol). 
The resins were washed successively with 1.5 mL portions of NMP (1 X) and DMF (3 
25 X). The Fmoc protecting group was removed by treatment with 1.5 mL of a 25% v/v 
solution of piperidine in DMF for 20 minutes. The resins were washed with 1 .5 mL 
portions of DMF (4 X), MeOH (3 X) and DMF (3 X). The coupling was done in DMF 



TRIPEPTIDES 
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(0.2 mmol) of a 0.5M solution of TBTU in DMF » ' D ' pEA,n ° MFa '"<''°<>l<l■ 
w..e drained, the res** we,* JnLl^5„^^^ 9,o,1 • 

repeat once more under the JTc^,'! tT "*-'"»•»»*• — 

The capping groups were introduced in two ways: 

^.-^^^^^^^ 

a-AsanacylatlnBaoentsuchasananhydrldeoranacklchl^H. . 

."subsequent washi^protocof, CMP^ed^^ "~ deProle *" 

each o, a DMF solution c succinic anhxWe £L f * *° * 

n . m .. _ aimyunae (U.5 M, 0.2 mmol) and DIPEA /1 n u 

0.4 mmol). The resins were stirred for 9 ha«^ HUI ™«(WH 

of a «„ of TFA, HA DTT and TO ^ 2 6 . 2 5 . , * f '*° n °' ,5 * 
^.n K ln W as« tere dan J washad*,5 m Lo, 1 ^^r; 9 ' 0 '" h; 
preparatva ravaraad phase HPLC „1 ... ^ """ PmM * 

combined and lyophilized. j s P ectro ^try. 

Example 23 

^"•Pracrture tor coupllnq reactions don. In solute ,c . 
« m, Tetrer-dron Let,.™, (,«»,, 30, ^ Ut " >n ^ "■ ""o" 

The reactants. I* a free amino (1 aq.) (or Its htfnKhlortde salt) and »» , 
— * «* d «,.) ware dfcsofced In CHA CHrfC 2^ ^ 

a^^.tourequ^of^^rC^TST' T"*"" 
30 ^•^nt^ad^to^s.rJlotl Z»« : Mten ' S0 ' ,h8 

^-^'"^P^earefhenz^,.^ 
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(dimethylamino)phosphonium hexafluorophosphate (HOBT) or preferably 2-(1 H- 
benzotriazol-l-ylJ-W.W.W^W^etramethyluronium tetrafluoroborate (TBTU) or 0(7- 
azabenzotriazoi-1-yl)-A/,N,A/^^ (HATU). The 

reaction was monitored by TLC. After completion of the reaction, the solvent was 
5 evaporated under reduced pressure. The residue was dissolved in EtOAc. The 
solution was washed successively with 10% aqueous citric acid, saturated aqueous 
NaH0O 3 and brine. The organic phase was dried (MgS0 4 ), filtered and 
concentrated under reduced pressure. When the residue was purified, it was done 
by flash chromatography as defined above. 

10 EXAMPLE 24 

Synthesis of compound 304 




compound 304 



a) The (R,R) isomer of Boc-Et-Acca-OMe;i3c (0.12 g, 0.49 mmol) obtained from 
enzymatic resolution (Example 13) was treated with 4N HCl/dioxane (45 min) before 

15 being concentrated in vacuo to give a white solid. To this HCI salt (ca. 0.49 mmol) 
was added TBTU (0.17 g, 0.54 mmol), the;Boc-4fflf>(8-quinoline-methyioxy) proline 
5 (from Example 5) (0.18 g, 0.49 mmol) arid DIPEA (0.3 mL, 1.7 mmol) in MeCN (10 
mL). The mixture was stirred at RT for 3.5 h before being concentrated in vacuo. 
The resulting material was dissolved in EtOAc and washed sequentially with 

20 saturated aqueous NaHC0 3 and brine. Dried (MgS0 4 ), filtered and concentrated to 
give 24b a white solid (0.122 g, 50%). 

b) 24b (0.12 g, 0.25 mmol) was treated at RT with 4N HCl/dioxane (30 min) before 
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S l» «c as a wl,Be solid after iyophitojl™^ ^ HPL ° to 

1H), 8.40*36 (rr, 2H,. 7.90 <d. J = 7 6 Hz ,H, 7 ™ f = ""' * 1 

6.3 Hz, 1H), 4.12 <d, J . „ 44 Hz 1H> 4 ,» ' f 2H >' 4 "° 0* 'H). -1.31 ft J = 

ComnnnnH onA. ■ ' 



15 compound 304: 



20 



25 



c) To 24c (3b mg, ca. 0.047 mmol) was added MeOH (1 ml.) THF „ , , 
''^"^^^ 

was dissoived in DMSO and purified by preparative HPVCto 

a white soiid after lyophilizafion (21 mo 7 1 ^ 304 88 

^HRMSca,cdforC3^ 

J = 8.3 Hz, 1H), 8.26 (s, 1H), 7.89 (d, J = 8.3 iyn 7^77 T J ^ 8 37 ^' 
^(- 2 H).6.88and6.79 ( 2xd, J = 8.6 ! l^ ? 1 J 7 '*T* ,HK7 * 
2H), 4.43^.35 (bs, 1H>, 4.29(1, J = 8.3 1H) 3S2 3 7 ) JiT"**** 
1H>,2.06-1.97(m, 1H), ,72-1,3 (m, 10H ^ m » Z^"' 



Example 25 
Synthesis of compound 301 
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compound 301 



a) Compound 25a (=12a) (282 mg , 1.23 mmol) was suspended In anhydrous 
CH 3 CN (6 mL). DBU (221 ]± , 1.48 mmol) and benzylbromlde (161 jiL , 1.35 mmol) 
were added successively and the reaction mixture was stirred overnight at RT: The 
5 mixture was concentrated, the resulting oil was diluted with EtOAc and 1 0% aq. citric 
acid and successively washed with 10% citric acid (2x) , saturated aq. NaHCOa (2x), 
water (2x) and brine (1x) . The EtOAc layer was dried (MgS0 4 ), filtered and 
evaporated to dryness. The crude colorless oil was purified by flash chromatography 

( eluent- hexane : EtOAc ; 95:5 to 90:10 ) to provide the benzylated product 25b as 

i 

10 a colorless oil (368mg ; 93%). 1 

MS (FAB) 318.2 MH 320.2 MH* 342.2 (M+Na) + 

*H NMR ( CDCfe) 8 7.37-7.28 (m, 5H), 5.22-5.10 (m, 1H), 5.19 (d. J= 12 Hz, 1H). 
5.16 (d, J= 12 Hz, 1H), 1.60-1.40 (m, 4H), jl.39 (s, 9H), 1.31-1.22 (m, 1H), 0.91 (t, J= 
7.5, 14.5 HZ, 3H). 

15 b) Compound 25b (368 mg , 1 .1 5 mmol) was treated with 4N HCI/dioxane (6 mL) as 
described previously. The crude hydrochloride salt was coupled to compound 4 
(from Example 4) (470.8 mg . 1.27 mmol) yvrth NMM (507jiL, 4.61 mmol) and HATU 
(instead of TBTU , 525.6 mg . 1.38 mmol) in CHzCfe (6 mL) as described in Example 
22 to yield the crude racemic dipeptide as an orange oil. The crude material was 
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purified by flash chromatography ( eluent - hexane : Ei.0 ; 50:50 ) to provide the 

MS 571.4 MH" 573.3 MKT 595.3 (M+Na)* 
5 <H NMR ( CDCIa), ca.1:1 mixture of rotamers. 8 8.03 (b d, J= 8 Hz, 1H), 7 86 (b d 
J= 7.5 Hz, 1H), 7.82 (b d, J= 6.5 Hz, 1H), 7.61 (b s, 0.5H), 7.57-7.40(m 4H) 7 31^' 
7*1 (m 5H, 6.48 (b s, 0.5H), 5.22-5, 1 (m , 1 H)l 5.08-4.81 <m, 3H), 4.4 ^ 
3H), 3.49-3,8 (m. 1H), 2.76-1.90 (m, 2H), 1.69-1.48 (m , 3H)> , 40 s , 9H) 1 ^23 
(m. 2H), 0.92 (t, J= 7.5, 15 Hz, 3H). 

10 C >^<P^ 

(2mL) as described previously. The crude hydroch.ori d e salt was cou P ,ed to Boc- 
Chg-OH (84, mg ,0.327 mmO.) with NMM (130.7 ^ , 1,9 mmo.) and HATU 
nS ^a!t °^ ^^ m 9' 0.356 mmol) in CH2CI2 (2mL) for 2.75 h at RT then 
workedupas described piously to pro.de the cmde tripep«de 25d as an ivory 
15 foam (ca. 21 1.4 mg; 100%). «> an ivory 

MS (FAB) 712.5 MH* 
compound 301: 

d) The crude W pep«de 25d ,ca.,5.4 mg . 0.022 mmol) was dta*«j ,„ absolute 

» mda ~^wereadded.Themix ture ^ Mrogenated ^ 
under a hydrogen Bed ba,loon a, RT and a.mosphe* pressure. The reac!n 
m* re was Wered thmugh a 0.45 pm Ml«ex® mm. evapo^ed b dryness then 
d-utedvrthBOAc a"10%a*ec«c^ac W ,andwashedagatoI,o % 
^^^<'*«^^^b*e,,x,. Theoroa^yerwasdrfed 

as a white amorphous solid (11.0 mg ;82»; 
MS (FAB) 622.5 MH+ 644.5 (M+Na)+ i 

« ^ K), 7.67 (d, J= 8Hz, 1 H), 7.57-7.42 (m, 4H), 6.81 (d, J= aH^ 

H» ^ ,2Hi,H, ' <88WJ = 1 ^'«).^-«(m.2H, ,7-4.02 m 
2H,. 3.88-3.67 (m, 1H). 2i8-2., 9 (rn , IHJAOS-I.* (m. 1H>, 1.73-1 43 (m 8H> 
'•32-1.07 ,m, 6H). ,.28 (s. 9H,. 1.03*85 ,r* 2H, 0.9, , t J 7.5, ,£ 
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EXAMPLE 26 

Synthesis of compound 306 




26a 



26b = 15d 




a)TBTU 
O^^x DIPEA 



26c 



b) HCI4N 

c) Boc-CHG-OH 
TBTU 
CHjClj . 




15 



a) The acid 26a (180 mg, 0.500 mmol) and the amine 15d (96 mg, 0.500 mmole) 
were coupled using TBTU (192 mg, 0.600 mmol) and DIPEA (226 mg, 1 .75 mmol) in 
CH 2 CI 2 (10 mL) for 20 h. The reaction mixture was concentrated, taken up in ethyl 
acetate, washed twice with sat. NaHC0 3 and once with brine. The organic layer was 
dried on MgS0 4 , filtered and concentrated; to give 26c as a brown oil, used without 
purification in the next step. '; 

b, c) The crude compound 26c (ca. 0.500 mmol) was stirred for 30 min in HCI 
4N/dioxane (4 mL) and concentrated to dryness. The solid was taken up in CH 2 CI 2 
(10 mL) and DIPEA (226 mg, 1.75 mmol) was added followed by Boc-Chg-OH 
monohydrate (138 mg, 0.500 mmol) and TBTU (192 mg, 0.600 mmol). The solution 
was stirred at RT for 5 h. The reaction mixture was concentrated, taken up in ethyl 
acetate, washed twice with sat. NaHCQ 3 and once with brine. The organic layer 
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was dried on MgS0 4 , filtered and concentrated to give a brown oil, purified by flash 
chromatography to give 26d as a yellow oil, 204 mg, 64% overtwo couplings 
HNMR(CDC,3, 8 8.77-8.74(m, 1 H), 8.14 (d, J = 8 Hz, 1 H), 8.02 (d, J = 9 Hz 1 » 
7-69(dd, J = 9,7Hz, 1 H), 7.52 (d, J = 5 Hz, 1 H), 7.47 (dd, J = 8, 7 Hz 1 H) 6 8 
5 <d. 1 H),5.80-5.70(m, 1 H), 5.35-5.27 (m, 2 H), 5.14-5.07 (m^2 H) 4 89^ 
4.83 (m 1 H), 4.39-4.32 ( m , 1 H), 4.30-4.24 (m, 1 H), 4.20-4.07 (m, 2 H), 4.00-3 92 
- (m. 1 H), 3.04-2.92 (m. 1 H), 2.39-2.29 (m, 1 H), 2.16-2.04 (m, 1 H), 1.91-1 83 (m 1 
H).1.B2-1.62(m,7H),1.45-1.35(m.9H),1.27-1.07(m,8H,. 
d, 26d (136 mg, 0.214 mmole) was dissolved in THF (4 mL) and MeOH (2 mL) An 
10 aqueous solution (2 mL) of UOH hydrate (72 mg, 1.72 mmol) was added and L 
reason mixture was stirred at RT for 20 h. The solution was concentrated and 
punfied by preparative HPLC to give compound 306 (the less polar isomer, as a 
white solid (25 mg). 

compound 306: MS(FAB) 607.4 (MH+) 
15 'H NMR (DMSO-de) 8 9.16 (d, J = 6 Hz, 1 H), 8.55 (s, 1 H,, 8.35 (d, J = 8 Hz 1 H) 

dTV;'"' 1 H, ' 805W J = 8 " 7 ^ ' H,,,76(dd, J = 8,7H, 1 H)', \1 
(d. J = 6 Hz, 1 H), 7.02 (d, J = 8 Hz, 1 H). 5.75-5.66 (m, 2 H), 5.19 (d, J = 18 Hz 1 
H), 5.07 (d, J = 10 Hz, 1 H), 4.55 (d. J = 12 Hz, 1 H). 4.43 (dd. J = 10, 8 Hz 1 H) 
4.03 (d, J = 10 Hz, 1 H), 3.87-3.83 (m, 1 H), 2.66-2.59 (m, 1 H), 2.36-2.30 (m 1 H) 
1-98 (dd, J = 18, 9 Hz, 1 H), 1.75-1.56 (m, 8 ; H), 1.38-1.35 (m, H) 1 25-1 22 (I I 
H), 1.09 (s, 9 H), 1.12-0.95 (m, 3 H). ^ 1 

Example 27 

Synthesis of compound 307 

(8) ! 



20 




HCt.HjH' 




c ) TBTU 
NMM 

R.T.- 
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c) A solution of the acid (8) from Example 8 (505 mg, 1 05 mmol) in 5 mL of 
dichioromethane was treated with TBTU (376 mg, 1.17 mmol). The HCI salt of the 
(R,S) vinyl AccaOEt (18) (from Example 18) (279 mg, 1 .46 mmol), In 7 mL of 
dichioromethane containing (0.60 mL, 5.46 mmol) of N-methyl morpholine, was 
added to the previous solution of the activated ester. The resulting solution was 
stirred at RT overnight The solvent was evaporated in vacuo. The residue diluted 
with ethyl acetate, was washed twice with k saturated solution of sodium bicarbonate 
and once with brine. The organic layer was dried (MgS0 4 ) tittered and evaporated in 
vacuo. The residue was chromatographed over silica gel (60:40 v/v, hexanes-ethyl 
acetate) to afford 173 mg (27%) of the dipeptide 27c. 
d, e) A solution of the dipeptide 27c (70 mg, 0.1 14 mmol) in 3 mL of hydrogen 
chloride 4.0 M solution in 1 ,4-dioxane was stirred at RT for 1h (a precipitated came 
out from the reaction after 10 min). The solvent was removed in vacuo. The amine 
hydrochloride salt 27d (0.114 mmol), diluted in 1.5 mL of acetonitrile. was 
neutralized by addition of 65 \iL (0.591 mmol) of N-methyl morpholine. A solution of 
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™ < 4 7' °; 143 mm °" - 1 *" addad to *• ■-»« of the am*,,. 

The result solution was stttred at RT (lo, 2 days). The solvent was rerIK)vea „ 

5 sZLTr^^^**^^^^'-^ 

1^, ™ 7 r*°" a,ea " dMC0, *' Mine - ^^^wasdne,. 
(msOAMteradandewpomted*,^. 86 mg (,00%) 0,^0,27. was 
obtained. This cmde compound was used In the next reactfon without Mher 

purification. 

f)^*n 0,^027.(86 mo, 0.1,4 mmol) in 5 mL of a mixture THRH2O 
10 (2.5:,) was added lithium hydroxide monohydrate (22 mg, 0.524 mmol) An 
addrSona, 0.25 mL of MeOH was added In order ,0 get an tKHnooeneous soMon 
The resuftng solution was start at RT overnight before the solvent was evaporated 
The re s,duewaspa rt «io„edoeh re en„a te r MdEK)Ac . *" 

^v^^iedwimmraand^nextactedtwicewffl.ethytaoebte The 
15 desired compound has been found In theethy, acetate oomlng lram me to, basic 
exbaoton. This organic layer was dried (MgSO,). ffltored and evaporated ir, vac*, 

tca«ord 69 mgof^ecn^eacw.whtt was purvey prepared hplctTo 
compound was dissolved In MeOH (4 mL) and injected onto an equilibrated 

W^„Pa*»,o^ M( 2 i x60cm,C,8reversephasecc,„m, ( x=230nm 
^'^^^'^TF^N, PuH»ca»on P ro ara m'. 

W.cro^^sc^mB^eOmin.Frectonswereaha^edbyana^HPuC 
Appropnale fractions were co»e«ed and lyophllized 10 provide so mg ,60%, ot the 
<lesired tripepBde 307 as a white amorphous solid. 

com r »urrt3f ff :'HNMR(DMS(Wdrctarners-2 : 868.86(d,J=2 5 Hz 1H) 88* 
« * 0.2H,. 8.64 <s, 0m . 8.40 ,dd, J . 0.5, 3 Hz, 0.2H,. 8.46 dd, 0 = 9 2 Hz 0 8^ 
039-8.33 (m, 2H>. 8.20 (d, J = 9.5 Hz, 0^. 8.18 (d, J = 95 Hz 0 8» 7 6,1 

0^.7.78«s,0.8H ) ., 6 4.7^ ( m,3H,,6^ ( d, J l6H i 0 J ,HtZTL 
«ft 5.82-5.67 (m, 2H,. 5*7-5,7 ,m, ,H* 5.09-5.03,m, ,H), lZ - 8 "hz 
Wfc 4.55 (dd. J . ,0, 7.5 Hz, 0.6H,, 4.4^.40 (m. ,H). 4.J3.95 m h", « 

■JV* ( ^ 7H, ''- 37 « S ' »* ™K.H). ,,7-0.82 ,m.5H, 0.94 
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Example 28 

Synthesis of compound 311 




compound 310 

Compound 311 was prepared using the process described in Example 24 but using 
5 the appropriate building blocks. 

Compound 310 'H NMR (DMSO-d 6 ) S 8.98 (d, J = 6 Hz, 1 H), 8.52 (s, 1 H), 8.24 (d. 
J = 9 Hz, 1 H), 8.08 (d, J = 2 Hz, 1 H), 7.63 (d, J = 9 Hz, 1 H), 7.37 (d, J = 6 Hz, 1 H), 
6.98 (d, J - 8 Hz, 1 H), 5.75-5.66 (m, 1 H), 5.57 (brs, 1 H), 5.24-5.19 (m, 1 H), 5.08- 
5.01 (m, 1 H); 4.57-4.40 (m, 2 H), 4.00-3.96 (m, 1 H), 3.82 (dd, J = 9, 8 Hz, 1 H), 
10 2.59-2.54 (m, 1 H), 2.32-2.26 (m, 1 H), 1 .99 (dd, J = 17, 9 Hz, 1 H), 1 .74-1 .55 (m, 8 
H), 1 .37 (s, 1 H), 1 .26-1 .22 (m, 1 H), 1 .14-1 .08 (m, 9 H). 1 .02-0.91 (m, 3 H). 

EXAMPLE 29 

Synthesis of compound 302 




302 



IS Compound 302 was prepared using the process described in Example 27 but using 
the appropriate building blocks. 

1 H NMR (DMSO-de) 5 8.34 (s, 1 H), 8.04-8.01 (m, 1 H), 7.94-7.92 (m, 1 H), 7.87 (d, J 
= 8 Hz, 1 H), 7.54-7.50 (m, 3 H), 7.45 (dd, J = 17. 8 Hz, 1 H), 7.22 (d, J = 8 Hz, 1 H), 
4.94 (dd, J = 55, 12 Hz, 2 H), 4.34 (s, 1 H), 4.27 (dd, J = 8, 8 Hz, 1 H), 4.16 (d, J = 1 1 
20 Hz, 1 H), 4.07 (dd, J = 8, 8 Hz, 1 H). 3.72-3.65 (m, 2 H), 3.59-3.54 (m, 1 H), 2.24- 
2.18 (m, 1 H), 2.02-1.95 (m, 2 H). 1.75-1.70 (m, 1 H), 1.53-1.44 (m, 2 H), 1.32-157 
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(m. 1 H), 1.21-1,7 (m. 1 H), 0.96-0.85 (m. 10 H), 0.80-0.77 (m, 5 H), 0.62-0.57 <m. 1 



H). 

Example 30 

Synthesis of compound 308 



10 



15 




308 

Compound 308 was prepared using the process described in Exampie 27 but using 
tee appropriate buikfing blocks. ™ 
'H NMR (DMSCWrf rota™* s 2* 5 6.77 (s , oafl , BA5 (s 
Hi 0.8H). 8.,3 ,d. J = 6.5 Hz, 0.2H), 7.89-7.83 ( m . ,H). 7.55-7.37 <m. 4H> 7 05-8 59 

«7 m. 1.8H,. 4.0*3.9, (m , ,.8H,, 3.74 W J . , 2 . 5 . 4 Hz . O^H). 2 .69- 2 .60 <m 
Mft .80.2.40 (m . , H , ^8 fc 0. 2H) . ^,4 (m . 0.8H,. 2 ,s, .97 ( L 
«* .76.1.44 (m . 7H, ,.37 * ,.8H>, ( s, 7. 2H) , (m , 1H , ,,^.88 

(m, on). 

Example 31 

Synthesis of compound 309 



20 




309 



Compound 309 was prepared using the process described in Exampie 27 but using 
the appropnate building blocks. a 
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*H NMR (DMSO-de) rotamers = 2:8 8 8.75 (s, 0.2H), 8.50 (s, 0.8H), 7.89-7.78 (m, 
3H), 7.50-7.44 (m, 1H), 7.42-7.32 (m, 2H), 7.17-7.09 (m, 0.8H) 7.08-7.03 (m, 0.2H), 
6.79 (d, J = 8.5 Hz, 0.8H), 6.33 (d, J = 9 Hz, 0.2H), 5.81-5.65 (m, 1H), 5.30-5.16 (m, 
2H), 5.10-5.02 (m, 1H), 4.56 (t, J = 7.5 Hz, 0.2H), 4.33 (t, J = 8 Hz, 0.8H), 4.10-3.90 
5 (m, 2.8H), 3.74-3.68 (m, 0.2H), 2.45-2.37 (m, 1 H), 2.34-2.17 (m, 1 H), 2.05-1 .97 (m, 
1H), 1.76-1.48 (m, 7H), 1.37 (s, 1.8H), 1.23 (s, 7.2H), 1.21-0.88 (m, 6H). 

-EXAMPLE 32 

Synthesis of compound 305 



Compound 305 was prepared using the process described in Example 27 but using 
the appropriate building blocks. 

'H NMR (DMSO-de) rotamers (1:9) 8 8.68 (s, 0.1 H), 8.43 (s, 0.9H), 8.04-8.00 (m. 
1H), 7.95-7.91 (m, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.57-7.49 (m. 3H), 7.47-7.42 (m, 
15 1 H), 6.82 (d, J = 8.5 Hz, 0.9H), 621 (d, J = 8.5 Hz, 0.1 H), 5.80-5.64 (m, 1 H), 5.21 
(dd, J = 17, 2 Hz, 0.1 H), 5.18 (dd, J = 17, 2 Hz, 0.9H), 5.06 (dd, J = 10.5, 2 Hz, 1H), 
5.02-4.85 (m, 2H), 4.43 (t, J = 7.5 Hz, 0.1 H); 4.34 (br s, 1H), 4.23 (t, J = 8.5 Hz, 
0.9H), 4.16-4.05 (m, 1.8H), 3.89-3.82 (m, oiH), 3.74 (dd, J = 11, 3.5 Hz, 0.9H), 3.53 
(dd, J = 12.5, 4 Hz, 0.1 H), 2.30-2.21 (m, 1H)> 2.02-1.94 (m, 2H), 1.74-1.38 (m, 7H), 

20 1 .36 (s, 0.9H), 1 .28 (s, 8.1 H), 1 .25-0.87 (m, 6H). 

i 

EXAMPLE 33 I 
Synthesis of compound 303 




10 



305 



Printed from Mimosa 00/03/16 11:1322 Page: 84 



WO 00/09543 



PCT/CA99/00736 



83 



10 




15 



20 



'H NMR (DMSOkU j 8.29 (s , , H)i a ^ 

= s H2, 1 h), 7JW » (m , 3 * 7 . 46 w , *; * ™ * ; 

5.01 (4 J = 12 Hz, 1 H), 4.86 (d, J = 12 Hz 1 H) «J ™ «* ■<-•»*, 1 H), 
Example 34 

Synthesis of compound 403 



I.UOH^ 





2.TBTU 

L^-NHyHCI 

CO.CH, 
DMF 

a) Coupling of P2 with Pi 
The methyl ester derivative of 7 (34a) M7ri m„ n 

concentrated (Rotavao 3Q'c\ and The so,ution w 38 

followed by a» sucoesMw, .*«■„ 7. 7 ' PreS<TOe <* DIEA <»■" «> 
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silica gel (230-400 Mesh) using 1 :2 ethyl acetate-hexane to afford an orange oil (98 
mg , 90% purity by HPLC). 
b) Coupling of P1 -P2 with P3 
p- 




LHCI/dioxane 
2. Boo-NH^cOjH 

TBTU / DtEA/DMF 

3-KOHmu 
CHjOH 

4.TFA/UKI 




H O 



(34b) 



403 



5 The dipeptide 34b (97 mg, 90%, 0.1 55 mmole) was stirred in 4N HChdioxane (5 ml) 
during 1h at RT . The solution was then concentrated to dryness (Rotavap, high 
vacuum) to afford a beige solid. This material was stirred in dry DMF (2 ml) at RT in 
the presence of DIEA (0.4 ml) followed by addition of L-Boc-Tbg (80 mg, 0.35 
mmole) and TBTU (112 mg, 0.35 mmole) . After stirring 2 days at RT, the solution 

10 was poured in ethyl acetate to generate the free base using 5% aqueous potassium 
carbonate. The organic phase was worked up to give a yellow oily residue. The 
material was purified by flash chromatography on silica gel column (230-400 Mesh) 
using 1:2 & 3: 1 v/v ethyl acetate: hexane to afford 40 mg of an oil. homogeneous by 
HPLC. 

1 5 The methyl ester (40 mg) was finally saponified in 1 N potassium hydroxide (2 ml) in 
methanol (4 ml) by stirring at RT during 3h. The mixture was concentrated (Rotavap, 
30°C) and acidified to pH 4 with 2N hydrochloric acid. This mixture was purified by 
preparative HPLC on C18 column using a gradient of 0-50% aqueous acetonitrile 
(0.1% TFA) at 220 nm The fractions were pooled, concentrated to half volume and 

20 lyophilized to afford 403 as a white fluffy solid (1 0 mg). 

'H NMR (400 MHz, DMSO-d 6 ) 5 Mixture of rotamers : NH+ (1H, s, 8.6 ppm), CH 
(3H, m, 8.2 ppm). Ph (5H, broad s. 7.66 & 7.53 ppm). CH (1H, broad, 7.22ppm), NH 
(1H, d, J= 7.6 Hz, 6.71 ppm), CHO (1H, broad s, 5.76 ppm), CH (2H, m, 4.58-4.49 
ppm), CH (1H, m, 4.04 ppm). CH 3 0 (3H. s. 3.97 ppm), CH (1H, d. 3.86 ppm). CH 

25 (7H, very broad, 1 .8-2.6 ppm). Boc group (9H, s, 1 .25 ppm) and t-butyl group (9H. s. 
0.97 ppm). 

MS. showed M+H + at m/e 675 ( 100% ). 
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HPLC peak 98% at 18.9 mia 
Example 35 

Synthesis of compound 333 (Table 3) 



-NH- 




CO a Me 

MeO.C 
(35b) 

A solution of m-anisidine (35a) (9 15 ml fti a ■ ^ 

** « b as an orange 0 ». OTP '" ,nd *" < 170 »• 

' H NM «(CDCt, 8 9.62 (broad s 1H) 717 , , 




15 



MeO ? C 
(35c) 

mm and »» ^ ^ aHoLdtol? ^ * ^""^ "» 5 



from Mimosa 00/03/16 11:13:26~Pa^" 
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A solution of cfe-4-hydroxy-L-proline derivative (35e) (1.71 g, 5.33 mmoles), 4- 
hydroxyquinoline derivative (35f) (1.25 g f 5.36 mmoles) and triphenylphosphine (2.80 
g, 10.68 mmoles) in 75 mL of THF is cooled down to 0° for the addition drop to drop 

5 (« 1 h) of DEAD (1 .70 mL, 1 0.80 mmoles). The reaction mixture was then allowed to 
warm up slowly to room temperature and the stirring was continued overnight. The 
solvent is removed in vacuo and the residue purified by a flash column 
chromatography (70:30 ehtylacetate-hexanes). Compound 35g (0.7 g of pure 
compound 35g, and 1.8 g of compound 35g contaminated with «50% of 

10 triphenylphosphate oxide) is obtained as a white solid. 

% H NMR (CDCI 3 ) rotamers (4:6) 6 8.04 (d, J = 9 Hz, 1H) t 7.54 (d, J = 2.5 Hz, 1H), 
7.40-7.32 (m t 6H). 7.23 (dd, J = 9 and 2.5 Hz, 1H), 5.33-5.13 (m, 3H), 4.66 (t, J = 7.5 
Hz, 0.4 H), 4.54 (t, J = 8 Hz, 0.6 H), 4.07 (s, 3H), 3.94 (s, 3H), 4.04=3.80 (m, 2H), 
2.78^2.65 (m, 1H), 2.47-2.34 (m, 1H), 1.45 (s; 3.6H), 1.37 (s, 5.4H). 




(35g) j (35h) 



To proline benzyl ester derivative (35g) (0.70 g t 1.31 mmoles) in solution in a mixture 
of methanol-ethyl acetate (10 mL-10 mL) is added 100 mg of 10% Pd/C. The 
resulting suspension is stirred at room temperature under hydrogen atmosphere for 
1 % h. The catalyst is then filtered on a Millex-HV Millipore (0.45 urn filter unit) and 
20 the solvents are evaporated in vacuo. Quantitative yield of the desired acid 35h 
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(0.59 g) is obtained. 

'H NMR: (CDC1 3 ) rotamers 70:30 5 8.06 (d, J = 9 5 u, n o u\ ftn - 

(d,J = 2 H Z .1H,,7.44 (breads 07H)?4ir , ' * J = 9HZ >°- 7 

H). 4-08 (, 3H, 3.95 (s , 3H) , 4.04-3.80 (m> 2H) , ^ £ « ™ * " 
1H), 1.46 (s, 9H). 2 - 71 " 2 -47 (m, 



OMe 




acid 35h (590 mg, 1.32 mmo , es) ^ ^ (38g J ™ ^ to 8 S0,u *>" * 

r n rMfU , l* 59 m 9. 1 .21 mmo es) in 5 ml_ of 

removed «i racuo and the residue is diluted «tth JL °, ^ M**"! « 

a^ rated8 «. ono , sotoblra ^ o ^2tr ^^^^ 

20 ;::::™^^ 
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(351) (35k) 



The diester 35] (716 mg, 1 .25 mmoles) in solution in a mixture of THF:MeoH (1 .5 
mL-1.5 mL) is cooled to 0° before being treated with an aqueous solution of NaOH 
1 M (1 .25 mL t 1 .25 mmoles). After 1 h of stirring at 0°, 3 drops of glacial acetic acid 
5 are added to neutralize the NaOH. The solvents are removed in vacuo and the 
compound is dried on the pump for a few hours. 



o 




(35k) (350 



A solution of the acid 35k sodium salt (1 .25 mmoles) and EUN (0.1 9 mL, 1 .36 
mmoles) in 8 mL of THF is cooled to 0° and isobutyl chloroformate (0.18 mL, 1 .39 

10 mmoles) is added. After 40 min diazomethane (9 mL, 6.30 mmoles) is added and 
the resulting solution is stirred at 0° for 30 rpin and at room temperature for 2 h. The 
solvents are removed in vacuo. The residde, diluted with ethyl acetate, is washed 
twice with a saturated solution of NaHC0 3 once with brine and dried over MgS0 4 , 
the solvent is evaporated under vacuo and the residue is purified by flash column 

1 5 chromatography (50:50 Hexanes/AcOEt) to afford 378 mg (52% yield) of the 
expected diazoketone 351. 

1 H NMR: (CDCI 3 ) 5 8.00 (d, J = 9 Hz, 1H) ( 7*42 (s, 1H), 7.35 (d, J = 2.5 Hz, 1H), 7.20 
(dd, J = 9 and 2.5 Hz, 1H), 6.92 (s, 1H), 5.81-5.71 (m, 1H), 5.35-5.28 (m f 3H), 5.17- 
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5-13 (m, 1H), 4.61-4.40 (m, 1H), 3 97 fe <?w, , Qe n , 




10 



15 




(35m) 

tu • ; (35n) 

Thea-bromoketone35m»70ma nwi J . 4 
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(35p) 



The dipeptide 35n (145 mg, 0.223 mmoles) is treated with 3 mL of a 4M solution of 
HCI in dioxane. The resulting solution is stirred at room temperature for 1 h. The 
solvents are removed in vacuo and the residue is dried over the pump. 

The salt of the amine 35o in 5 mL of CH 3 GN is treated with 1 95 \iL (1 ,1 2 mmoles) of 
DIEA. This solution is then added to the solution of the Boc-terf-butylglycine (103 
mg, 0.446 mmoles) and HATU (186 mg, 01489 mmoles) in 3 mL of CH 3 CN. The 
reaction mixture is stirred at room temperature overnight. The CH 3 CN is evaporated 
in vacuo. The residue diluted with ethyl acetate is washed twice with a saturated 
solution of NaHC0 3 , once with brine and dried with MgS0 4 . After removal of the 
solvent, 274 mg of the crude tripeptide 35p: is obtained (> 100%). 
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A- 

DIEA 

cha.o- 



NHj.HQ 



The tripeptide 35 p (56 mgi ao733 

the residue dried over the pump. ; neSO,ventisrem oved/r J Ka«/oand 

(synthesized as described in Moss N Gal '* * mm ° l " ) fe added 

» "2-144). The ice te » ^ ^ ^ 

>0 temperas overnight The 08 ^/ ^ ^ fe StiTOd a ^oorn 

bnne and dried with Mg so, to mS*^^"*"^"*** 

4 afford 60 mg (« , 00 %) of ^ desired Ufea 35q 
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VNH 

o >« 




Ma o * 



UOH.H 2 0 



THF:H 2 0 
MeOH 



A solution of methyl ester 35q (57 mg f 0.0721 mmoles) in a mixture of THF:H 2 0 (2.5 
mL:1mL) is treated with solid LiOH*H 2 0 (25 mg, 0.595 mmoles) and 1mL of MeOH 

5 is added in order to clarify the solution. After stirring for 4 h at room temperature, the 
reaction is neutralized by addition of a 1 M solution of HCL The solvents are 
removed in vacuo and the residue is purified by a preparative chromatography. The 
compound dissolved in 2.5 mL of MeOH, is injected into an equilibrated Whatman 
Partisil 10-ODS-3 (2.2 x 50 cm) Ci 8 reverse phase column. Purification program: 

10 Linear Gradient at 20 mL/nm, X 220 nm, inject at 10% A up to 60% A in 60 min. 
A:0.06% TFA/CH 3 CN; B:0.06%; TFA/H 2 0. Fractions were analyzed by analytical 
HPLC. The product collected was lyophilized to provide 15 mg of compound 333 as 
an off white solid (27% yield). 

1 H NMR: (DMSO-de) 5 8.88 (s, 0.2H), 8.84 (d, J=4.5 Hz, 0.2H), 8.68 (d, J = 8.5 Hz, 0. 

15 H), 8.56 (s, 0.8H), 8.40-8.13 (m. 1.5H), 7.96 (d, J = 9.0 Hz, 0.2H), 7.72-7.44 (m, 

2.4H), 7.35-7.09 (m, 1.2H), 6.98 (d, J = 9 Hz, 0.2H), 6.15 (d, J = 9Hz, 0.2H), 6.06 (d, 
J = 9Hz, 0.8H), 5.93 (d, J = 9.5 Hz, 0.24H), 5.86 (d, J » 9Hz, 0.8H), 5.79-5.67 (m f 
1H), 5.69-5.44 (m, 1H), 5.24-5.14 (m t 1H),£.09-5.01 (m, 1H). 4.50-4.35 (m, 2H), 
4.24 (d, J = 9.0Hz, 0.2H), 4.20 (d, J = 9.0 Hz, 0.8H), 4.06-3.98 (m, 2H), 3.95 (s, 3H), 

20 3.77-3.60 (m, 2H), 2.58-2.50 (m, 1 H) t 2.33-2.28 (m, 1 H), 2.22 (s, 2.4H), 2.21 (s, 

0.6H). 2.02 (q, J - 9Hz, 1H), 1.56-1.38 (m, jH), 128-1.22 (m f 1H), 0.97 (s, 9H), 0.83 
(d,J = 6Hz,3H),0.72(s,9H). 

MS(FAB) 778.3 (m + H) + , 776.3 (M - H) _ . 

EXAMPLE 36 

25 Cloning, expression and purification of the recombinant HCV NS3 protease 
type 1b. 
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S*rum from an HCV-infected patient was obtained through an external co.. ah n . 

Laboratoire de Sanfe Pub,i que du Quebec, Ste-Anne de BeZe c^ * 
engineered fulHength cDNA temolate of th* wrv/ )- A " 

using ^«cp rtm e reS e l ec te doota6as is L 1 Zl T RNAand 

Clin. Microbiol., (1993), 31, p 1493-1503) Tho«w *immonds et al. (J. 

structure region NS2 B Z s 1 ^ ° f "» n °"- 

Senotype 1b (BK JK and^ * ^ ^ 93% iden *»' *» HCV 

aenoiype id (BK.JK and 483 isolates) and 88% identical to Hr\/o . 

^^^^^ -n-SZT 

NS3 protease. P ^ C ° nf ' fTn,n9 fUncfona % °' the HCV 

0 The DNA fragment encoding the recombinant HCV NS3 Drnfoaco / • 

to 1206) was cloned in the D ET1 id ^ ■ «, (am ' n ° 8Cid 1 027 

for 3 h at 22'C A tvT, , * ' nCUbafi ° n 1 ™ M ,PTG 

past Th?I' ^ 

The P H of the supernatant was then adjusted to G^udn „f 4 C. 

solution. 6 ' 5 US,ns a 1M sodiu ™ Phosphate 

AnadditionalgelfiltrationchromatographysteDwasarinoH. «, « 



Printed from Mimosa 00/03/16 11:13:36 Page: 95" 



PCT/CA99/00736 

WO 00/09543 



94 



the supernatant from the bacterial extract was loaded on a SP HiTrap column 
(Pharmacia) previously equilibrated at a flow rate of 2 mL/min in buffer A (50 mM 
sodium phosphate, pH 6.5, 10% glycerol, 1 mM EDTA, 5 mM DTT, 0.01% NP-40). 
The column was then washed with buffer A containing 0.1 5 M NaCI and the protease 

5 eluted by applying 10 column volumes of a linear 0.15 to 0.3 M NaCI gradient. NS3 
protease-containing fractions were pooled and diluted to a final NaCI concentration 
of 0 1 M. The enzyme was further purified on a HiTrap Heparin column (Pharmaaa) 
' equilibrated in buffer B (25 mM sodium phosphate. pH 7.5, 10% glycerol, 5 mM DTT, 
0 01% NP-40). The sample was loaded at a flow rate of 3 mL/min. The column was 

,0 thenwashedwithbufferBcontaining0.15MNaClataflowrateof1.5ml7min. Two 

step washes were performed in the presence of buffer B containing 0.3 or 1 M NaCI. 
The protease was recovered in the 0.3M NaCI wash, diluted Wold with buffer B, 
reapplied on the HiTrap Heparin column and eluted with buffer B containing 0.4 M 
NaCI. Finally, the NS3 protease-containing fractions were applied on a Superdex 75 
15 HiLoad 16/60 column (Pharmacia) equilibrated in buffer B containing 0.3 M NaCI. 
The purity of the HCV NS3 protease obtained from the pooled fractions was judged 
to be greater than 95% by SDS-PAGE followed by densitometry analysis. 
The enzyme was stored at -80°C and was thawed on ice and diluted just prior to use. 

EXAMPLE 37 

20 Recombinant HCV NS3 protease/NS4A cofactor peptide radiometric assay. 
The enryme was cloned, expressed and prepared according to the protocol 
described in Example 36. The enzyme was stored at -80'C, thawed on ice and 
diluted just prior to use in the assay buffer containing the NS4A cofactor pept.de. 
The substrate used for the NS3 proteask/ NS4A cofactor peptide radiometric assay. 

25 DDIVPC-SMSYTW, is cleaved betweenthe cysteine and the serine residues by the 
enzyme The sequence DDIVPC-SMSYTW corresponds to the NS5A/NS5B natural 
cleavage site in which the cysteine resid^ * P2 has been substituted for a proline. 
The peptide substrate DDIVPC-SMSYTW and the tracer biotin-DDIVPC-SMS[ I- 
Y]TW are incubated with the recombinant NS3 protease and the NS4A peptide 

30 cofactor KKGSWIVGRIILSGRK (molar ratio enzyme; cofactor 1:100) in the absence 
or presence of inhibitors. The separation; of substrate from products is performed by 
adding avidin-coated agarose beads to the assay mixture followed by filtration. The 
amount of SMS[ 125 l-YTrW product found in the filtrate allows for the calculate of the 
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percentage of substrate conversion and of the percentage of inhibition. 
A. Reagents 

Tris and Tris-HCI (UltraPure) were obtained from Gibco-BRL. Glycerol (UltraPure) 
MES and BSA were purchased from Sigma. TCEP was obtained from Pierce, DMSO 
5 from Aldrich and NaOH from Anachemia. 

Assay buffer 50 mM Tris HCI, P H 7.5. 30% glycerol, 1 mg/mL BSA, 1 mM 
TCEP (TCEP added just prior to use from a 1 M stock solution in water). 

Substrate: DD.VPCSMSYTW, 25 uM final concentration (from a 2 mM stock solution 
in DMSO stored at -20 o C to avoid oxidation). 

10 Tracer reduced mono iodinated substrate biotin DDIVPC SMS[ ,25 | YTTW (-1 nM 
final concentration). 

HCV NS3 protease type 1b, 25 nM final concentration (from a stock solution in 50 

mM sodium phosphate. pH 7.5, 10% glycerol, 300 mM NaCI, 5 mM DTT. 0 01% NP- 
40). •"■/ow- 

15 NS4A Cefaclor peptide: KKGSWIVGRIILSGRK, 2.5 uM final concentration (from a 
2 mM stock solution in DMSO stored at -20°C). 
B. Protocol 

The assay was performed in a 96-well polystyrene plate from Costar. Each well 
contained: 

20 20 nL substrate/tracer in assay buffer; 

1 0 M L ± inhibitor in 20% DMSO/assay buffer; 

10 nL NS3 protease 1ta/NS4 cofactor peptide (molar ratio 1:100). 

Blank (no inhibitor and no enzyme) and control (no inhibitor) were also prepared on 
the same assay plate. 

25 The enzymatic reaction was initiated by the addition of the enzyme/NS4A peptide 
solution and the assay mixture was incubated for 40 min at 23'C under gentle 
agitation. Ten (10) uL of 0.5N NaOH were added and 10 uL 1 M MES. pH 5.8 were 
added to quench the enzymatic reaction. 

Twenty (20) uL of avidin-coated agarose beads (purchased from Pierce) were added 



Printed from Mimosa 00/03/16 11:13:38 Page: 97 



WO 00/09543 



PCT/CA99/00736 



96 

in a Miliipore MADP N65 filtration plate. The quenched assay mixture was 
transferred to the filtration plate, and incubated for 60 min at 23°C under gentle 
agitation. 

The plates were filtered using a Miliipore Multiscreen Vacuum Manifold Filtration 
5 apparatus, and 40 of the filtrate was transferred in an opaque 96-weli plate 
containing 60 \sL of scintillation fluid per well. 

The filtrates were counted on a Packard TopCount instrument using a 125 l-liquid 
protocol for 1 minute. 

The % inhibition was calculated with the following equation: 
10 1 oo - [(rountSi^^untSb^/tcountSerCountSMankJx 1 00] 

A non-linear curve fit with the Hill model was applied to the inhibition-concentration 
data, and the 50% effective concentration (IC50) was calculated by the use of SAS 
software (Statistical Software System; SAS Institute, Inc. Cary, N.C.). 

EXAMPLE 38 

1 5 Full-length NS3-NS4A heterodimer protein assay 

The NS2-NS5B-3' non coding region was cloned by RT-PCR into the pCR®3 vector 
(Invitrogen) using RNA extracted from the serum of an HCV genotype 1b infected 
individual (provided by Dr. Bernard Willems, Hdpital St-Luc, Montreal, Quebec, 
Canada). The NS3-NS4A DNA region was then subcloned by PCR into the 

20 pFastBac™ HTa baculovirus expression vector (Gibco/BRL). The vector sequence 
includes a region encoding a 28-residue N-terminal sequence which contains a 
hexahistidine tag. The Bac-to-Bac™ baculovirus expression system (Gibco/BRL) 
was used to produce the recombinant baculovirus. The full length mature NS3 and 
NS4A heterodimer protein (His-NS3-NS4AFL) was expressed by infecting 10 6 Sf21 

25 cells/mL with the recombinant baculovirus at a multiplicity of infection of 0.1-0.2 at 
27 e C. The infected culture was harvested 48 to 64 h later by centrifugation at 4°C. 
The cell pellet was homogenized in 50mM NaP0 4 . pH 7.5, 40% glycerol (w/v), 2mM 
B-mercaptoethanol, in presence of a cocktail of protease Inhibitors. His-NS3- 
NS4AFL was then extracted from the cell lysate with '1 .5% NP-40, 0.5% Triton X- 

30 1 00, 0.5M NaCI, and a DNase treatment After ultracentrif ugation, the soluble extract 
was diluted 4-fold and bound on a Pharmacia Hi-Trap Ni-chelating column. The His- 
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NS3-NS4AFL was elated in a >90% pure form (as judged by SDS-PAGE, using a 
50 to 400 mM imidazole gradient. The His-NS3-NS4AFL was stored at -80»C in 50 

oT^oT^t' ^ 7 ' 5 ' 1 ° % ^ °- 5 M ^^Mimidazole, 

0.1 /o NP-40. It was thawed on ice and diluted just prior to use. 

5 ^P^easeactivityofHis-NS^AawasassayedinSOmMTris-Ha P H80 
0.25 M sodium citrate, 0.01% (wA.) n-dodecyi-p-D-maltoside, 1 mM TCEP Five (5) 

i^^nM^fu ' n '" eSence °* vanous concentrations of inhibitor were incubated with 
t nMofHis-NS3-NS4AFLfor45m,nat23»C. The fina. DMSO concentre** did 

£ Fluorescence of the N-terminal product was monitored on a PerKin-Bmer LS- 
50B f.uorometer equipped with a 96-wel, piate reader (excitation wavelength- 325 
nm; emission wavelength: 423 nm). ' 

The % inhibition was calculated with the following equation: 

A non-linear cun,e fit with the Hill mode, was app,ied to the inhibition-concentration 
da£ and the 50% effect concents W was ca,cu,ated by fce use of sts 
software (Statistical Software System; SAS Institute , Inc. Cary. N.C.). 
Example 39 
20 NS3 Protease Cell-based assay 

!T ta * HM * ,ta "" ,l "* w, »«N*« 

co-transfected with 2 DNA constructs: ! 

- one expressing a poiyprotein comprising the HCV non-structura. proteins fused ,o 
"» follow,n 9 order: NS3-NS4A-NS4B-NS5A-tTA (called NS3); 

25 - the other expressing the reporter proteik secreted a,kaline phosphatase, underthe 
control of tTA (called SEAP). ! «se.unaerthe 

r^rJdT" T te C,eaV6d ^ ^ NS3 ^'-^mature proteins to be 
will form a complex atthe membrane of the endoplasmic reticulum while tTA wil, 

«o ^^^^ 

Pr0t80,yliC acm * should to reduction of mature tTA levels and 
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concomitant decrease in SEAP activity. 

5 Pmtoco, of the assay: Huh-7 ce»s, grown h CHO-SFMII ♦ ,o% PCS (feta, car, 
senim), were co-transfected with either NS3 and SEAP or fTA and qfad^ • 
Puaene proton (Boeder Man„he ta) . Aftor 5 hTa " £2 " 

Analysis of the perosnt InhlbNlon of SEAP activity with respect to compound 
concentration was petformed with Ihe SAS software to obtain the EC»^^ 

20* ofa MTT r^, ^ ^ ^ ^ ^ |ncubated ^ ^ 

•» was removed and 50 j, o, 0.0.N HB ♦ 10% Tltol x . 100 ^ ^ 

The TCso was calculated in the same way as the EC*,. 
Example 40 
Specificity assays 

^f^-^^ndswas^ln^e^^ (SMjm 

s^iespecif.c.oreachenzyntewasused. Each assay intfvded a, h enzyme- 

30 ^ A «»^as m eas Ure donaUV T harrrK,ma M m fcro p,a te rea to Subsaat. 
™^were^as to „asposs fc iecc^red to J, 0 redr' u ^r te 
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Mmp e««on. compound concanWonsva.ed.^ 300.0 0.06 ^depen*g on 
their potency. 

The final conditions for each assay were as follows: 

. 50m M Tns-HC.pH8,0.5 M N a2 SO 4 .50mMNaC».0.1rnMEDTA.3 yo DMSO, 

5 0.01 %Tween-20 with; 

. moo hM Succ-AAPF-pNA and 250 P M a-chymotrypsin], 1133 ^ Succ-AAA-pNA 
and 8 nM porcine elastase], 1133 jiM Succ-AAV-pNA and 8 nM leukocyte 

elastase]; or 

. n oo m MNaHP0 4 pH6,0.1mMEDTA.3o/ e D M SOJmMTCEP,0.01%Twee. 
10 20, 30 mM Z-FR-PNA and 5 nM cathepsin B (the stock enzyme was actuated in 
buffer containing 20 mM TCEP before use)]. 
A representative example is summarized below for porcine pancreatic elastase: 

(Beckman): 

15 . 40 ^ofassa y buffer(50mMTns-HC.pH8 l 50m M NaC..0.1mMEDTA ): 
. 20(l Lofenzymesolution(50mMTns-HC.pH8. 5 0m M NaCI.0.1 mMEDTA. 

0.02% Tween-20, 40 nM porcine pancreatic elastase); and 
. " 20(l Lofinhibitorso«ution(50mMTns-HCI,pH8.50mMNaC..0.1 mMEDTA. 
0 02% Tween-20. 1 .5 mM-0.3 nM inhibitor, 1 5% v/v DMSO). 

20 AfterBOminpre-in^ 

to,MNa 2 S0 4 .50 m MNaC,0.1mMEDTA.eeS^Succ-AAA-pNA)^ 

time the absorbance was read on*eU V The— plate -der. Rowsofw^ 
25 The sequential 2-fold dilutions of the inhibitor solution were performed on a separate 

25 I ne sequel iua M EDTA 

platebytheliquldhandlerusing50mMTns-HCI P H8.50rnMNa 

0.02% Tween-20, 1 5% DMSO. All other specificity assays were performed in a 

similar fashion. 

The percentage of inhibition was calculated using the formula: 
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IHiWtorUVtortMUV^UV^)) x 100 
A non-linear curve fit with the Hill model was applied to the inhibition-concentration 
data, and the 50% effective concentration (IC*,) was calculated by the use of SAS 
software (Statistical Software System; SAS Institute, Inc., Cary, N.C.). 

5 

TABLES OF COMPOUNDS 

The following tables list compounds representative of the invention. Compounds of 
the invention were assayed either in one or both of the assays of Examples 37 and 
38 and were found to be active with ICso below 50^M (A); below 5m M (fl) or below 
10 0.5uM (O. 

Activity in cells and specificity: 

Representative compounds of the invention were also tested in the surrogate cell- 
based assay of Example 39, and in one or several assays of Example 40. For 
example, compound 601from Table 6 was found to have an IC„ of 50 nM in the 
15 assay of Example 37 and 30nM in the assay of Example 38. The EC*, as determined 
by the assay of Example 39 is 8.2 uM. In the specificity assays of Example 40, the 
same compound was found to have the following activity: HLE >75nM; PPE >75 M M; 
a-Chym. >75 uM; Cat B >75,M These results indicate that this family of 
compounds is highly specific for me NS3 protease and at least certain members of 
20 this family are active in a surrogate cell-based assay. 

The following abbreviations are used within the present tables: 
MS: Mass spectrometry data; Ac: acetyl; Bn: benzyl; Boc: te/f-butyloxycarbonyl- 
cHex: cyclohexyl; Chg: cyclohexylglycinei(2-amino-2-cyclohexyl-acetic acid)- iPr 
isopropyl; O-Bn: benzyloxy; Ph: phenyl: «3u: terf-butyl; Tbg: te*butylglycine; 1 - or 2- 
Np: 1-or2-naphthyl; 1-or2-NpCH 2 0: 1, or2-naphthylmethoxy. 



25 
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MS activity 
range 




; Table 2 
Cpd# 


B 




R 2 


Ri 

antl to 
carboxy 
ethyl 
(one 
isomer) 


j MS 

I 


Activity | 
range j 

! 


201 


Boc 


cyclohexyl 

- 


-0-CH2-1j-naphthyl 


j 622 

i 

j 


I 

: j 


202 


Boc 


cyclohexyl 


•O-CHz-l^naphttiyl \ 

i 

: t 

' 1 


ethyl 
(other 
isomer) 


j 622 

L 


' A I 

: i 

j 


203 

1 

i 


Boc 

r 

1 
I 

J 


f-Bu 




vinyl 
1ft, 2/? 

i 

i 

i 

r 


687.5 


: G j 

j 
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Table 3 
Cpd# 


B I 

i 

i 


R 3 


R 2 " " j 


synio 
carboxyt 


MS ! 

1 
i 


Activ. 
Range 


301 


BOC ] 


cHex 


-0-CH 2 -1-naphthyl 


ethyl 


622 ! 

i 


A 


302 




iPr 


-O-CHjrI-naphthyl 


ethyl | 


582 


A 

1 
i 


j 303 




cHex 


-0-CH 2 -1-naphthyi 


ethyl 


622 


A 


304 


Boc 

'■ 


cHex 


IQIQJ 


, ethyl 

: 
1 

i 

] ! 


623 

i 

! 


A 


305 


Boc 


cHex 


-0-CH r 1-naphthyl 


vinyl 


620 ; 


B 


306 

i 

! 

! 
i 


Boc 


cHex 


if 
\ 


vinyl 


607 


B 


' 307 


Boc 


cHex 

i 

i 

i 


\ 


vinyl 

i 


728 


1 

i 
i 


308 


Boc 


; cHex 




vinyl 

i 


i 606 


B i 

s 
i 

i 


| 309 


Boc 


\ cHex 

i 
i 


^9® 


i vinyl 


606 

l 


! 8 1 

i 

■ 



Boc ; cHex 
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R, MS Aetiv. 
c arfaoxyt 
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Table 5 
Cpd# 

509 



510 



511 



MS 



V 



581.3 



581.2 



Activity 
range 
C 




i 637.2 
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Table 6 i 
= Cpd# 1 


R 3 | 






ms ; 

j 


Activity 
range 


601 ! 

I I 


tfr ; 


Ph 


7-OMe 


673.3 ; 


C 


: 602 

i ! 


t-Bu \ 

I 


Ph 


8-OMe, : 
7-OMe ! 


717.2 | 

i 


C 


603 

i 


i-Pr j 


Ph 


7-ethyl : 


671.2 


C 


604 

i 


t-Bu | 

i 




7-OMe j 

• 


611.2 : 


C 


605 


t-Bu j 


Ph 


7-0-/Pr ! 


715.3 


C 

-4 


i ; 

606 


f-Bu 




7-CI 


615.2 j 


c 


607 


Px \ 




f-a~" 


601.2 : 




608 


CH 2 -/Pr ; 




7-CI 


615.3 


B 


609 

I 


f-Bu 

j 

i 






680.2 


B 


! 610 

1 


t-Bu j 


a 




613.3 




611 


t-Bu j 

t i 


Ph 


: 7-N(Me)T^ 


700.5 


c 


612 

i 


: t-Bu i 

i ; 

i : 

i 
I 






666.4 


\ c 

\ 


! 613 

i 

i 


: t-Bu : 

1 : 

! : 




! 


650.4 


B 


614 

| 

i 
I 


j ^BU ; 

1 




! 


664.5 


! B 

i 

i 
I 


615 


: f-BU 




7-N(Me) 2 ; 


624.5 
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; Table 6 
Cpd# 




T ■ 


Rzib . MS 


Activity 


616 








itmge 




j 
■ 

i I 


I (M-H) + : 

I 


C 


617 

i 
j 


t-Bu T 

i 


O- I 


; 664.5 j 

j i 


C 


618 

i 


! t-Bu j 

f 

! 


r ; 


638.5 I 


B 


, 619 

L ■ 


t-Bu ] 

I 

. I 


Ph "p 


: 700.5 j 


B 


620 


f-Bu j 

1 
1 

i 


"XX ! 


- j 679.5 


c 



621 



f-Bu 



622 



frBu 



623 



624 



f-Bu 



MeO- 



678.3 
625X 



*Bu 



625 



f-Bu 



(Me) 2 N- 



Ph 



626 
627 
62*T 



/-Bu 
f-Bu" 
>Bu~ 



Ph 

~Ph 



629 



HN- 



- . i 611.3 ; 

] ! i 

! -~""T" '624.4"*" 
f 7-S(Me) t 703.4~T 
7-Br 7 737.3~^" 
7-F 675.3 
~7-N(Me) 2 764.2" 



B 



C 
C 



t-Bu 



7-N(Me) 2 ; 764:3' 



630 



t-Bu 



j 7-N(Et) 2 ' 792~.3~ ; "c 
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Table 8 
Cpd# 


B 


R S 


R22 


MS 


activity 
range 


809 


CX i 


hPt 

1 





"6491" 


C 

i 


810 




^Bu 

! 
t 


- 


749.3 


C 

i 


811 


Boc 


J-Bu , 


4-CI 


721.3 


c 


812 




j 

! 




706.2 


c 


813 




f-Bu j 

j 


• — 


702.2 


C ! 

i 

i 
i 


814 


; Boc \ 


f-Bu 

i 


2-CI 


721.3 


c 


815 




f-Bu 


3-CI 


721.3 


c 


816 


! j 


f-Bu 

! 
I 

I 
| 


— 


658.3 


c 


817 




f-Bu ■ 




720.2 


c 

I 
1 


L ~ "818" 


! 


f-Bu 




728.3 


c j 


819 




i-Pr 
rn 




762.3 


c 

i 


820 

t 


: 1 


: rrf 


, 

** 


732 2 


c 

I 

\ 


o& 1 


OMe 

: 0k i 


APr 

i 
j 


i — ~ — 

i 

i 
1 
1 

i 


679.1 


c 

! 

: i 
i 


822 




APr 


j 


663.3 


~ c 1 

! 


823 


Boc 

i 

i 


f-Bu 


; 2-OMe 


717.2 


C 


824 


Boc 

j 1 


f-Bu 


: 3-OMe 


719.2 


c 



825 



Boc 
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Table 8 
Cpd# 


B 


R 3 


R22 MS 


! activity 
; range 


826 




! Lpr ; 

i : 

! i 


- 663.3 


B 


827 


Ft ~ 


f-Bu 

| j 


673.2 

i 

1 


c 


828 


; 


APr 

i 

! | 


691.3 ; 

i 


c 


829 


Me 


ABu 

j : 
I : 

I ; 

i 

i 


-- . 734.3J 

; j 
I 

i 


c 


830 


i o ^ 


ABu 

i ! 


• 645.3 : 

! i 
l 


c 


831 


6 


^Bu 

I i 

i ! 

1 ! 

\ 


701.3 ; 

t . 

i 


c 


832 

i 


Me o 


f-Bu j 


801.3 ; 

j 

: j 


c 


833 


O 


f-Bu 


715.2 , 

t 
f 


c 


834 ! 

j f 


J+X ! 

i 


APr 


663.3 ; 

i I 


~'c l 


835 
836 




;£Bu 

\ ! 


702,5 : 

1 

] i 


c 

i 


APr ! 

! f 
j . 


- 694.4 


J 

c 


837 




APr 

i 

t 
l 


- { 683.3 T 


c i 


838 




APr ; 


679.1 

i 


c 
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Table 8 ! 
Cpd# i 


D 


R. 


R« 


MS 


activity 
range : 


839 

| 
i 


XL : 


MPr 




o74.o 


Is \ 


840 ; 


Xxj 


hPr 


- 


667.4 


c 

t 


841 


Boc 

i 


t-Bu 


2-Me- 


701.5 


- c I 

i 


842 


Boc 


f-Bu 

1 

! 


3-Me 


701.5 


C ! 

I 


843 


_ T - 

Boc 


f-Bu 


A Ma 

4-wie 


■ 7fi1 C 
/U 1 .0 


c 


844 


i 


^Bu 


4-OMe 


716.6 

! 


C 


845 


j YXX 


^Pr 




706.9 

I 

i 

, j 


c 


846 




hPr 


i 


693.4 


c 

i 


847 


i Boc 


cHex 




713.4 


c 


848 


Boc 

I ; 

I L 


X 


- 

i _ 


687.5 


c 


849 


; Boc 

l 

i ; 

i 1 

i 


X 


1 
i 


701.5 


c \ 


850 


Boc 1 

j i 

1 j 


;T 




731.5 


c 


851 


| Boc | 

i 

i ; 


1 

Y 




689.5 


c 

• 


852 


! Boc i 

j i 

i 


I 

X 




689.5 


c 
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Table 8 
Cpd # 


B 

i 
t 


R 3 


R c MS 


activity 
range 


866 


■ * >r X | 


f-Bu 

1 


702.4 ; 


C 


867 


0. i 




701.3 

i 
i 
i 


C 


868 




f-Bu 

i 
i 


- . 713.3 

: I 


c 


869 


•OA: 


*-Bu j 


699.4 1 


c 


870 




f-Bu 


700.4 

i 


c 


871 


3. JL i 

i ^^N^ j 


f-Bu 


714.3 

• 

: 


c 

■ 


872 




f-Bu 


- ; 714.4 

j 


! c~ 

J 

i. 

i 


873 


: i 


f-Bu 


714.3 

i 
t 


C 

i 



I 
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901 



902 



903 



904 



90S 




Tables 
Cpd# 



B 



MS ~ Activity 



Boc 



685.3 



range 



°6 I ! 



HO. 




769.3 



O 



HO, 




906 



907 



OA 

a 



707.3 



; 6855" 




728.2 
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CLAIMS 



What is claimed is: 

1. A compound of formula (I) comprising the scope of the invention are racemates, 
diastereoisomers and optical isomers of 



wherein B is H t a C 6 or Ci 0 aryl, Cmc aralkyl; Het or (lower a!kyl)-Het, all of which 
optionally substituted with Ci* alkyl; Ci* alkoxy; Cm alkanoyl; hydroxy; hydroxyalkyl; 
halo; haloalkyl; nitro; cyano; cyanoalkyl; amino optionally substituted with Ci* alkyl; 
amido; or (lower alkyi)amide; 

or B is an acyl derivative of formula RrC(O)-; a carboxyl of formula R^O-OfO)-; an 
amide of formula R 4 -N(R 5 )-C(0)-; a thioamide of formula R 4 -N(R 5 )-C(S)-;or a sulfonyl 
of formula R 4 -S0 2 wherein 

R 4 is (i) Clio alkyl optionally substituted with carboxyl, Ci* alkanoyl, hydroxy, 
C1-6 alkoxy, amino optionally mono- or di-substituted with Ci* alkyl, amido, or 
(lower alkyl) amide; 

(ii) C3.7 cycioalkyl, C3.7 cycloalkoxy, or C4.10 alkylcycloalkyl, all optionally 
substituted with hydroxy, carboxyl, (Ci* alkoxy)carbonyl, amino optionally 
mono- or di-substituted with alkyl, amido, or (lower alkyl) amide; 

(iii) amino optionally mono- or di-substituted with alkyl; amido; or (lower 
atkyl)amide; . 

(iv) C 6 or C10 aryl or C7.16 aralkyl.jall optionally substituted with alkyl, 
hydroxy, amido, (lower alkyi)amide, or amino optionally mono- or di- 
substituted with Ci4 alkyl; or 

(v) Het or (lower alkyl)-Het, both optionally substituted with Ci-e alkyl, hydroxy, 
amido, (lower alkyl) amide, or amino optionally mono- or di-substituted with 
Cn* alkyl; 

RsisHorCi-ealkyl; 




0 



(I) 
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with the proviso that when fL is an amide nrotKu -m » , 

"4 an amide or a thioamide, R« is not (ii) a cycloalkoxy; 

YisHorCealkyl; 

* Is C„ a lK y,. c„ cyctoalkyt. or C„ .Mcycfoalky,, an optionally suited with 
C^koky. CthPoa^amido. (k^arkyOamtdo. C..rC„a*, ore,,. 

R, Is CH2-R20. NH-R». OR, o, S-R„ wherein „„ , 8 a of 

substituted with Rj,, ' m 

ar^lsacorc^or^a^wano^^^^^^ 

"21» 

orR,. l sHe t „,^a^He l bomop to ^ TOno ., tf . orW . absMi ^ wjihRii 

^reheach R„ b independents aKyl; towerthtoatkyt- 
«•*>« NO,; OH; SH; hak,; hatoalkyt; amino 0 p«o„a«y mono- or „. * 
sutefcfcd w«h c„aJkyt. o. o, C. a*. c. u aralkyl , Ha, o, (tower afcy04tet . 

He^,,o^,a^H<eeca^ W ca^owa,a«;C.orC, 0 a^.c,,. 

am^orHatsaUa^^orHatbe^op^subsBuBd^R^ 
«*areln R„ la c„ a** C,, cyctoalkyt c„ alkoxy; attfno optionally 
mono- or di-sutatnuted wW c„ alkyl; sutfonyt; (k)lrer 
^ OH; SH; hato; haloalkyt carboxy* amide; (tower aftyi^de; „ 
Het optionally substituted with C t< alkyl; 

or a ptiarmaceuBcally acceptable salt or ester thereof. 

A compound ol formula I according to cfcim 1 , wherein 

B h a C, or C„ aryl or ft., e aralkyl. all optionally ^ c 

ataty. C„ aikan.,, hydroxy. hydroxy, hato. hatoa*,,, ^ c^," 

armdo. (foweran*^. oram^ep^auh^ * c„ ar^T 

Pov re ,arkyl)ar«o,oram«optlonalr / sub S to 
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3. A compound of formula I according to claim 1 , wherein B is R^SOa wherein R 4 is Ci- 
6 alky); amido; (lower alkyl)amide; C 6 or Ci 0 aryl, Cm 4 aralkyl or Het, all optionally 
substituted with C 1H3 alkyl. 

4. A compound of formula I according to claim 1 , wherein B is an acyl derivative of 
formula R 4 -C(0)- wherein R4 is 

(i) C1-10 alkyl optionally substituted with carboxyl, hydroxy or C1-6 alkoxy, 
amido, (lower alky1)amide, or amino optionally mono- or di-substituted with 
C,* alkyl; 

" (ii) cycloalkyl or C4-10 alkylcycloalkyl, both optionally substituted with 
hydroxy, carboxyl, (Ci^ alkoxy)carbonyl, amido, (lower alkyl)amide, or amino 
optionally mono- or di-substituted with Cve alkyl; 

(iv) C 6 or C10 aryl or C7-16 aralkyl, all optionally substituted with alkyl, 
hydroxy, amido, (lower alkyl)amide, or amino optionally substituted with Ci* 
alkyl; 

(v) Het or (lower alkyl)-Het, both optionally substituted with alkyl, hydroxy, 
amino optionally substituted with Cm alkyl, amido, (lower alkyl)amide, or 
amino optionally substituted with Chalky!. 

5. A compound of formula I according to claim 1 , wherein B is a carboxyl of formula 
R4-0-C(0)-, wherein R4 is 

(i) C1.10 alkyl optionally substituted' with carboxyl, Ci-e alkanoyl, hydroxy, Ci* 
alkoxy, amino optionally mono- or di-substituted with Ci-e alkyl, amido or 
(lower alkyl)amide; 

(ii) C3.7 cycloalkyl, C4-10 alkyicyclpalkyl, all optionally substituted with carboxyl, 
(C1-6 alkoxy)carbonyl, amino optionally mono- or di-substituted with C t< alkyl, 
amido or (lower alkyl)amide; 

(iv) C 6 or C10 aryl or Cm 6 aralkyl pptionally substituted with d-e alkyl, hydroxy, 
amido, (lower alkyl)amido, or amino optionally mono- or di-substituted with 
Ct-e alkyl; or 

(v) Het or (lower alkyl)-Het, both optionally substituted with d-e alkyl, hydroxy, 
amino optionally mono- or di-substituted with d-e alkyl, amido or (lower 
alkyl)amido. 

6. A compound of formula I according to claim 1 , wherein B is an amide of formula R 4 - 
N(R 5 )-C(0)- wherein R4 is 
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(i) C„ 0 a. M optionally substituted with carboxyl, C„a.lcanoy., hydroxy c„ 

^.cydoalky, or C 10 allcy.cycloa.ky,, al. optionaHy ^ ^ 

mono- or di-substituted with C M alkyl; "Penally 

OH) amino optionally mono- or di-substituted with C, 3 alkyl- 

W> C 6 or C,o aryl or C, 16 aralky., all optionally substituted with C« alkyl 

(vJHetorOoweral^j-Hetbothoptionallysubstitutedvrfthc „m k-, 

optoonallymono-ordi-substitutedwrthC^alkyl. 
9. A compound of formula I according ,o claim 2, wherein r B is Het optional 

a, W^.°'am^^ °' (, ° Wer 

<ZZ ZT! aCCOrdin9 10 +" 4 ' 8 " a " °* «— of 

rormuia fVCfO)- wherein R4 \$ \ 

00 C, 7 cyc.oa.ky. or C<. 10 alky.cyc.oa.kyl, both optional* substituted wl 
hydroxy, carboxyl, (C t< alkoxy)carbonyl, or 

M C or C 10 ary. or C, 16 araticyl, j optionaHy substituted with C,. alky, 
hydroxy, or (v, Het optional, substituted wi» Cl< a*yl, hydroxy, amldTor 
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amino. 

11 . A compound of formula I according to claim 5, wherein B is a carboxyl of formula 
FU-O-C(O)-, wherein R4 is 

(i) C1-10 aikyl optionally substituted with carboxyl, C« alkanoyl, hydroxy, C,* 
alkoxy or amido, (lower alkyl)amide, amino optionally mono- or di-substituted 
with alkyl; 

(ii) C3.7 cydoalkyl. C4.10 alkylcycloalkyl, all optionally substituted with carboxyl. 
(On alkoxy)carbonyl, amido, (lower alkyl)amide ( amino optionally mono- or 

^ di-substituted with Ci* alkyl, or 

(iv) C 6 or C 10 aryl or C™ aralkyl. all optionally substituted with alkyl, 
hydroxy, amino optionally substituted with alkyl; or 

(v) Het or (lower aIkyl)-Het, both optionally substituted with Ci-e alkyl, hydroxy, 
amido, or amino optionally mono-substituted with Ci* alkyl, 

12. A compound of formula I according to claim 6, wherein B is an amide of formula R4- 
N(R 5 )-C(0)- wherein R4 is 

(i) Cmo alkyl optionally substituted with carboxyl, Ci* alkanoyl, hydroxy, C1-6 
alkoxy, amido, (lower alkyl)amide, amino optionally mono- or di-substituted 
with d-6 alkyl; 

(ii) C3.7 cydoalkyl or C4.10 alkylcycloalkyl, all optionally substituted with 
carboxyl, (Ce alkoxy)cart>onyl, amido, (lower alkyl)amide, amino optionally 
mono- or di-substituted with C1-6 alkyl; 

(iii) amino optionally mono- or di-substituted with C1.3 alkyl, or 

(iv) C 6 or C 10 aryl or C™ aralkyl.iall optionally substituted with alkyl, 
hydroxy, amino or amido optionally substituted with Ci* alkyl; or 

(v) Het optionally substituted with alkyl, hydroxy, amino or amido, 

and R 5 is H. j * 

13. A compound of formula I according to claim 7, wherein B is a thioamide of formula 
R4-NH-C(S)-; wherein R4 is (i) Cmo alkyl; or (ii) C3.7 cydoalkyl. 

14. A compound of formula I according to claim 12, wherein B is an amide of formula 
R4-NH-C(0)- wherein R4 is 

(i) Cmo alkyl optionally substituted with carboxyl, d-e alkanoyl, hydroxy, d-e 
alkoxy amido, (lower alkyl)amide, amino optionally mono- or di-substituted 
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wtth C t< alkyt; 

(10 C3. 7 cycloalkyl or C* M alkylcycloalkyl. all optionally substituted with 
carboxyl, (C t< alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally 
mono- or di-substituted with C t< alkyl; 

(iv) C e or C 10 aryl or C™ aralkyl optionally substituted with C,* alkyl, hydroxy 
amino oramido. 

15. " A compound of formula I according to daim 1, wherein B is 

tert-butoxycarbonyl (Boc) or ' 

1 6. A compound of formula I according to claim 1 , wherein Y is H or methyl. 

17. A compound of formula I according to claim 1 6. wherein Y Is H. 

18. Acompoundofformulalac<»rdingtodaim1,v^ereinR'isC, 4 alkyl C*. 7 
cycloalkyl. or Ch, alkylcycloalkyl, all optionally substituted with hydros C,* alkoxy 
C,« thioalkyl, acetamido, Ce or C 10 aryl, or Cj. 16 aralkyl,. 

A compound of formula I according to claim 1 8, wherein R 3 is the side chain of tert- 
butylglycine (Tbg), He, Val, Chg or 



19. 



f ;or * 



21. 



20. A compound of formula I according to claim 1 9, wherein R 3 Is the side chain of Tba 
ChgorVal. y ' 

A compound of formula I according to claim 1, wherein R 2 is S- Rao or O-R*. wherein 
R» « a C 6 or C 10 aryl, C™ aralkyl, Het or -CH r Het, all optionally mono- di- or tri- 
substituted with R 21 , wherein j 

R21 is C„ alkyl; c M alkoxy; lower thioalkyl; amino or amido optionally mono- 
or di-substituted with C M alkyl, q, or C 10 aryl, Cr, 6 aralkyl, Het or (lower 
alkyl)-Het; N0 2 ; OH; halo; trifluoromethyl; carboxyl; C 6 or C, 0 aryl, C, „ 
aralkyl, or Het, said aryl, aralkyl or Het being optionally substituted with Ra , 
wherein ^ 

R* is C^alkyi; C^ 7 cycloalkyl; C^alkoxy; amino; mono- or di-(lower 



Printed from Mimosa 00/03/16 11:14:17 Page: 132 



WO 00/09543 



PCT/CA99/00736 



131 

a!kyl)amino; (lower alkyl)amide; sulfonytalkyl; N0 2 ; OH; halo; 
trifluoromethyl; carboxyl or Het. 

22. A compound of formula I according to claim 21 , wherein R* is alkyl; Ci-e alkoxy; 
amino; di(lower alkyl)amino; (lower alkyl)amide; C 6 or C 10 aryl, or Het, said aryl or 
Het being optionally substituted with R n > wherein R» is alkyl; cydoalkyl; C,. 
6 alkoxy; amino; mono- or dl(lower alkyl)amino; amido; (lower alkyl)amide; halo; 
trifluoromethyl or Het. 

23. A compound of formula I according to claim 22, wherein R» is Cuj alkyl; alkoxy, 
hald; amino optionally mono- or di-substituted with lower alkyl; amido; (lower 
alkyl)amide; or Het 

24. A compound of formula I according to claim 23, wherein R» is methyl; ethyl; 
isopropyl; tert-butyt; methoxy; chloro; amino optionally mono- or di-substituted with 
lower alkyl; amido, (lower alkyl)amide; or (lower alkyl) 2-thiazole. 

25. A compound of formula I according to daim 21 , wherein R 2 Is selected from the 
group consisting of: 




26. A compound of formula I according to claim 21 , wherein R 2 is 1 -naphthyimethoxy; 2- 
naphthylmethoxy; benzyloxy, 1 -naphthyioxy, 2-naphthyloxy; or quinolinoxy 
unsubstituted , mono- or di-substituted with R21 as defined in claim 21. 

27. A compound of formula I according to claim 26, wherein R 2 is 1 -naphtylmethoxy; or 
quinolinoxy unsubstituted, mono- or di-substituted with R* as defined in claim 26. 

28. A compound of formula I according to claim 27, wherein R 2 is selected from the 
group consisting of: 




29. A compound of formula I according to claim 26, wherein R 2 is : 
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rmono- 



wherein R m is C« alkyl; alkoxy; lower thioalkyl; halo; amino optionally , 
substituted with C„ alkyl; or C* ft. aryl, C, 16 aralkyl, or He* sais aryl, ara.ky« or Het 
. optionally substituted with R* wherein R* is Cl « alkyl, C,« alkoxy, amido, (lower 
alkyl)amide, amino optionally mono- or di-substituted with C M alkyl, or Het; and 

R«rte Chalky!, alkoxy, amino, di(lower alkyQamino. (lower alkyl)amide, NO* 
OH, halo, trifluoromethyl, or carboxyl. 

30. A compound of formula I according to claim 29, wherein R m is c 6 , C 10 aryl or Het. 
all optionally substituted with Rj, as defined in daim 30. 

31. A compound of formula I according to claim 30, wherein R„ A is selected from the 
group consisting of: 

<5\ m ^y 



Me 
\ 

HN 



-i 8 and s-f 
32. A compound of formula I according to cl?im 29, wherein R 2 is: 




wherein R^ is Ch alkyl; C« alkoxy; or halo; and R„ B is C^alkyl, C,«alkoxy, 
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amino, diflower alkyl)amino, (lower alkyl)amide, N0 2 , OH, halo, trifluoromethyl, or 
carboxyl. 



wherein R22B is C t -6 alkyt, amino optionaliy mono-substituted with alkyl, amido, or 
(lower alkyi)amide; ; and R21B is d* alkyl, Ci-ealkoxy, amino, di(lower alkyl)amino, 
(lower alkyOamide, NO* OH, halo, trifluoromethyl, or carboxyl. 

34. A compound of formula I according to claim 32 or 33, wherein R21B is d-e alkoxy, or 
diflower alkyl)amino. 

35. A compound of formula I according to claim 32 or 33, wherein R« B is methoxy. 

36. A compound of formula I according to claim 1 , wherein P1 is a cyclobutyl or 
cyclopropyl ring, both optionally substituted with R 1t wherein R 1 is H t Ci^ alkyl, 
cycloalkyl, or C 2 ^ alkenyl, all optionally substituted with halo. 

37. A compound of formula I according to claim 36, wherein P1 is cyclopropyl and R 1 is 
ethyl, vinyl, cyclopropyl, 1 or 2-bromoethyl or 1 or 2-bromovinyl. 

38. A compound of formula I according to;claim 37, wherein R1 is vinyl. 

39. A compound of formula I according to blaim 37, wherein Ri at carbon 2 is orientated 
syn to the carbonyl at position 1 ( represented by the radical: 



40. A compound of formula I according to claim 37, wherein R n at position 2 is 



33. 



A compound of formula I according to claim 29, wherein R 2 is: 





R 
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orientated an// to the carbonyl at position 1 , represented by the radicai: 





[l and H I 




41. A compound of formula I according to claim 37, wherein 
configuration: 



J 

carbon 1 has the R 




RorS 



42. An optica, isomerof a compound of formuia , according to claim 41, wherein said R, 
substituent and the carbony, in a syn orientation in the following absolute 

configuration: 




43. A compound of formula , according to claim 42, wherein R, is ethyl, hence the 
asymmetric carbon atoms at positions 1 : a nd 2 have the R,R configuration. 

44. A compound of formula , according to Calm 42, wherein Rl ,s vinyl, hence the 
asymmetric carbon atoms at positions 1 j** 2 have the R.S configuration. 

45. Acompoundofformulalaccordingtoclaiml.wherein 

B Is a C 6 or C 10 aryl or C™ aralkyl, all optionally substituted with C t< alkyl C„ 

ZZ'T* "'tr ****** ha, °' ha,0a '^ ^ cyanoalky,, 

amldo,(,owera. M )amido,or a m i nooptionally S ubstitutedwithC M 

He. or (,ower a.ky,).Het, al, optionally substituted with C„ alky,. Cj « alKo'xy, C „ 
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alkanoyl, hydroxy, hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalkyl, amido, 

(lower alkyt)amido, or amino optionally substituted with Cm alky!,, or 

B is R4-SO2 wherein R4 is preferably amido; (lower alkyl)amide; C 6 or C10 aryl, C7.14 

aralkyl or Het, all optionally substituted with Cm alkyl, or 

Bis an acyl derivative of formula JVC(O)- wherein R4 is 

(i) Cmo alkyl optionally substituted with carboxyl, hydroxy or Cm alkoxy, 
amido, (lower alkyl)amide, or amino optionally mono- or di-substituted with 
Cm alkyl; 

(ii) C3.7 cycloalkyl or C4.10 alkylcycloalkyl, both optionally substituted with 
hydroxy, carboxyl, (Cm alkoxy)carbonyl, amido, (lower alkyl)amide, or amino 
optionally mono- or di-substituted with Cm alkyl; 

(iv) C 6 or C10 aryl or C™ aralkyl, all optionally substituted with alkyl, 
hydroxy, amido, (lower alkyl)amide, or amino optionally substituted with Cm 
alkyl; 

(v) Het or (lower alkyl)-Het, both optionally substituted with Cm alkyl, hydroxy, 
amino optionally substituted with Cm alkyl, amido, (lower alkyl)amide, or 
amino optionally substituted with Cm alkyl, or 

B is a carboxyl of formula FVO-CfO)-, wherein R 4 is 

(i) Cmo alkyl optionally substituted with carboxyl, Cm alkanoyl, hydroxy, Cm 
alkoxy, amino optionally mono- or di-substituted with Cm alkyl, amido or 
(lower a!kyl)amide; 

(ii) C3-7 cycloalkyl, C4-10 alkylcycloalkyl, all optionally substituted with carboxyl, 
(Cm alkoxy)carbonyi, amino optionally mono- or di-substituted with Cm alkyl, 
amido or (lower alkyl)amide; 

(iv) C 6 or C 10 aryl or C 7 .t 6 aralkyl optionally substituted with Cm alkyl, hydroxy, 
amido, (lower alkyl)amido, or amino optionally mono- or di-substituted with 
Cm alkyl; or 

(v) Het or (lower alkyl)-Het, both optionally substituted with Cm alkyl, hydroxy, 
amino optionally mono- or di-substituted with Cm alkyl, amido or (lower 
alkyf)amido, or 



B is an amide of formula R 4 -N(R 5 )-C(0)- 



wherein R4 is 



(i) Cmo alkyl optionally substituted with carboxyl, Cm alkanoyl, hydroxy, Cm 
alkoxy, amido, (lower afkyi)amido, or amino optionally mono- or di-substituted 
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with C 14 afkyi; 

00 Cs.y cycloalkyl or C 10 alkylcycloaJkyl, all optionally substituted with 
carboxyl, (C,. alkoxy)c*rbonyl, amido, (lower aikyl) am ido. or amino optionally 
mono- or di-substituted with' C,^ alkyi; 
(Hi) amino optionally mono- or di-substituted with C,^ alkyi; 

(iv) Ce or C,o aryl or C, 6 aralkyl. all optionally substituted with C,* alkyi 
hydroxy, amido, (lower alkyl)amide, or amino optionally substituted wither 
alkyi; or 

(v) Het or (lower alkyl)-Het. both optionally substituted with C„ alkyi, hydroxy 
amino optionally substituted with C„ alkyi, amido or (lower alkyljamide; and ' 
R 5 is H or methyl, or 

B is thioamide of formula R^NH-CfS)-; wherein R, is 

(0 Cm. alkyi optionally substituted with carboxyl, c„ alkanoyl or C M alkoxy; 
(i.) C3. 7 cycloalkyl or C™ alkylcycloalkyl, all optionally substituted with 
carboxyl, (C,« alkoxy)carbonyl, amino or amido; 
Y is H or methyl; 

R 3 is C„ alkyi. Cw cycloalkyl. or C» 0 alkylcycloalkyl. all optionally substituted with 
hydroxy, c« alkoxy, Cl< thioalkyf. acetamido, C 6 or C 10 aiyl. or C,, 6 aralkyl; 
R, is S-R* or O-R* wherein R» is preferably a C e or C 10 a,y., C, t6 aralkyl, Het or - 
CrVHet, all optionally mono-, di- or tri-substituted with R 21 , wherein 

R* is Cv. alkyi; C* alkoxy; lower thioalkyi; amino or amido optionally mono- 
or di-substituted with C„ alkyi, p 6 or C 10 aryl, Cm. aralkyi, Het or (lower 
alkyl)-Het; NO,; OH; halo; Wfluoromethyi; carboxyl; Ce or C, 0 aryl C, 16 
aralkyl. or Het, said aryl, aralkyl or Het being optionally substituted with R* 
wherein 

r 

f 

R* is C^alkyl; C* 7 cyckialkyl; C^alkoxy; amino; mono- or df-flower 
alkyi)amino; (lower alkyl)amide; sulfonylalkyl; N0 2 ; OH; halo; 
trffluoromethyl; carboxyl or Het; or 

Ri is selected from the group consisting of : 
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or R 2 is 1-naphthylmethoxy; 2-naphthylmethoxy; benzyloxy, 1-naphthyloxy; 2- 
naphthyloxy; or quinolinoxy unsubstituted , mono- or di-substituted with R* as 
defined above; and 

the P1 segment is a cyclopropyl ring, both optionally substituted with Ri, wherein R 1 
is Ci* alkyl. C3.5 cycloalkyl, or C« alkenyl optionally substituted with halo, and said 
R, at carbon 2 is orientated syn to the carbonvi at position 1 , represented by the 
radical: 



or a pharmaceutical^ acceptable salt or ester thereof. 
46. A compound of formula I according to claim 45, wherein B is a C 6 or C 10 aryl 
optionally substituted with Ce alkyl, C« alkoxy, C M alkanoyi, hydroxy, 
hydroxyalkyl, halo, haloalkyl, nitro, cyano, cyanoalkyl. amido, (lower alkyl)amide. - 
amino optionally mono- or di-substituted with C,< alkyl; or B is Het optionally 
substituted with Ce alkyl, Ce alkoxy, C,< alkanoyi, hydroxy, halo, amido, (lower 
alkyl)amide, or amino optionally mono- or di-substituted with Cn alkyl; or 
B Is R4-SO2 wherein R4 is C 6 or C 10 aryli aC™ aralkyl or Het all optionally 
substituted with Ce alkyl; amido. (lower- alkyl)amide; B Is an acyl derivative of 
formula R4-C(0)- wherein R4 Is 



(0 C-10 alkyl optionally substituted with carboxyl, hydroxy or Cm alkoxy; or 
(ii) Ca.7 cycloalkyl or C4.10 alkylcycloalkyl, both optionally substituted with 




hydroxy, carboxyl, (Cm alkoxy)carbonyt; or 

(iv) C 6 or Co aryl or Cwe aralkyl, 1 all optionally substituted with Cn, alkyl. 
hydroxy; or 
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(v) Het optionally substituted with c„ alkyi, hydroxy, amido or amino; 
or B is a carboxyl of formula R4-0-C(0)-, wherein R, is 

(0 Cm. alkyi optionally substituted with carboxyl, c* alkanoyl, hydroxy, C,* 
alkoxy or amido. (lower alkyl) a mide, amino optionally mono- or di-substituted 
with Ct-e alkyi; 

(li) C- 7 cydoalkyf, Ch, alkylcycloalkyi, all optionally substituted with carboxyl 
(Ce alkoxyjcarbonyl, amido, (lower alkyl)amide, amino optionally mono- or ' 
di-substituted with C« alkyi; or 
- (Iv) Ce or C,o aryl or C. H aralkyl, all optionally substituted with C„ alkyi 
hydroxy, amino optionally substituted with C^, alkyi; or 
(v) Het or (lower aJkyl)-Het, both optionally substituted with C« alkyi, hydroxy 
amido, or amino optionally mono-substituted with c,« alkyi; 
or B is an amide of formula RrN(R s )-C( 0 )- wherein R, is 

P) C 10 alkyi optionally substituted with carboxyl, c M alkanoyl, hydroxy c„ 
alkoxy, amido, (lower alkyl)amide. amino optionally mono- or di-substituted 
with C, 4 alkyi; 

00 Ca.7 cycloalkyl or C«. 10 alkylcycloalkyi, all optionally substituted with 
carboxyl, (ft* alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally 
. mono- or di-substituted with ft* alkyi; and R s is H or methyl; or 
R4 is (iii) amino optionally mono- or di-substituted with ft* alkyi; or 

(iv) C 6 or C 10 aryl or ft.„ aralkyl, all optionally substituted with ft* alkyi 
hydroxy, amino or amido optionally substituted with c„ alkyi- or 

(v) Het optionally substituted with alkyi, hydroxy, amino or amido; or 
B is a thioamide of formula R«-NH-C(S)-i wherein R« is: 

(i) Cuo alkyi; or (ii) C3.7 cycloalkyi; or 
YlsH; I 

R 3 is the side chain of te*butylglycine (Tbg), lie, Val, Chg or 

» ;or t ; 

R 2 is 1-naphty1methoxy;orquinolinoxyurisubstituted. mono- or di-substituted with 
R21 as defined above, or 
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R 2 is: 




wherein RaiA is d* alkyl; d* alkoxy, C 6 , C 10 aryl or Het; lower thioalkyl; halo; amino 
optionally mono-substituted with d-e alkyl; or d»db aryl, C7.16 aralkyl or Het, 
optionally substituted with R a wherein R22 is d-e alkyl, d-e alkoxy, arnido, (lower 
alkyl)amide, amino optionally mono- or di-substituted with d-6 alkyl, or Het; 

P1 is a cyclopropyl ring wherein carbon 1 has the R configuration, 

f 

* J RorS 

^ H if 

0 ;and 

R 1 is ethyl, vinyl, cyclopropyl, 1 or 2-bromoethyI or 1 or 2-bromovinyl. 

47. A compound of formula I according to claim 46, wherein 

B is an amide of formula R4-NH-C(0)- wherein R 4 is 

I) C M0 alkyl optionally substituted with carboxyl, d-e alkanoyl, hydroxy, d* 
alkoxy amido, (lower alkyl)amide, amino optionally mono- or di-substituted 
with d-e alkyl; 

(ii) C3.7 cycloalkyl or d-10 alkylcycloalkyi, all optionally substituted with 
carboxyl, (d-e alkoxy)carbonyl, amido, (lower alkyl)amide, amino optionally 
mono- or di-substituted with Ci* alkyl; 

Civ) C 6 or C10 aryl or d-ie aralkyi optionally substituted with d-e alkyl, hydroxy, 
amino or amido; ■ 

R 3 is the side chain of Tbg, Chg or Val; 

R 2 is: 
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^ .or 

wherein R m is alkyl (such as methyl); C„ alkoxy.(such as methoxy); or halo 
(such as chloro); is C t< alkyl, amino optionally mono-substituted with c,., alkyl 
amido, or (lower alkyl)amide; and R™ is C^alkyl, C^alkoxy, amino, di(lower 
alkyl)amino, (lower alkyl)amide, NQz, OH, halo, trifluoromethyl, orcarboxyl; 
and PI is: 




48. A compound according to claim 45 represented by the formula: 
wherein B, R,, R 2 are as defined below: 



-OH 

H 6 

o 




R 2 



■ cHex ; -0-CH 2 -"i-naphthyl 



j cHex , -O-CHz-l-naphthyl 



cHex ; -d-CH 2 -l-naphthyl j ; 
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49. Compound #111 according to claim 48. 



50. A compound according to claim 45 represented by the formula: 




o o 

wherein B, R3, R 2l R, are as defined below: 



Table 2 


i B 


R s 


R2 


Ri 

antl to carboxy 


201 

j 


Boc 


i cyclohexyl 

i 
1 
| 


-0-CH 2 -l-naphthyl 


ethyl 
(one isomer) 


202 


Boc 


: cyclohexyl 


-0-CH 2 -1-naphthyl 


ethyl 
(other isomer) 


and 
203 

I 
I 

i 

. J 


Boc 


f-Bu 


\ 


vinyl 
W,2R 



51 . Compound #203 according to claim 49. 

52. A compound according to claim 45 represented by the formula: 

R 2 

ft* 




O O 

wherein B, Rj, R 2 and R, are as defined below: 



Tables 


B 


R, 


R 2 


Cpd# 






301 


Boc 


cHex 


-O-CHrl-naphthyi 


302 




ipr 


-b-CH 2 -1-naphthyl 



i Ri 

! syn to 
1 carboxyf 



! ■ 



i ethyl 



Printed from Mimosa 00/03/16 11:14:31 Page: 144 



WO 00/09543 



PCT/CA99/00736 



143 



Table 3 
Cpd# 


B 


Ri 


R 2 1 


R, 

syn to 
carboxyl ; 


303 




cHex 


-0-CH r 1-naphthyl j 


ethyl j 


304 


Boc 


cHex 




ethyl i 

i 


305 


Boc 


cHex 


-OCH 2 -1-naphthyl 


vinyl I 

i 

_ _i 


306 


Boc 

i 


cHex 




vinyl [ 

i 

; 
I 


307 


Boc 

i 

i 


cHex 


I ™ • 


vinyl j 

i 

| 

i 
| 


308 


Boc 


cHex 




vinyl j 

1 


309 


Boc 


cHex 




vinyl j 










310 


Boc 


cHex 




vinyl ; 

j 
i 


311 


Boc 


cHex 


! *m 

! 


vinyl ! 

i 

j 

! ! 


312 


Boc 


cHex 




vinyl 

1 

I 

\ T" . 


313 


Boc 


cHex 




vinyl 

i 
■ 
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54. A compound according to claim 45 represented by the formula: 




wherein B, R 3l R 2 and R, are as defined below: 



' Table 4 
Cpd# 


b : 


R3 


R a 


( 


Ri 


401 

; i 


Boc ( 




Tcjo) 


H 

i 


• : | 

i i 
i i 


1 






/ 


\ 

! 
\ 
1 


402 

I 

I 

i i 
; i 


Boc 


*-Bu 




11 

n 


403 { 

: i 


Boc 


f-Bu 






H I 

; | 
1 I 

i i 


j 


i 






j 1 
j j 


j 
I 




i 








404 

! 

i 

i 


Boc 


; f-Bu 

i 


i"°c 

! P 

1 S 




3-(=CH 2 ) j 

! 
! 


405 

i 

: i 

t 
i 


Boc 


! f-Bu 

t 

i 
1 

! 
1 


1 \^ 

\ T 

M p 




; 2-vinyl 

i 

! 


and : 
406 

i 


Boc 


! t-Bu 

i 
1 

i 


j;cy 

1 S' 




2-Et 

i 

i 

: 



55. A compound according to claim 54, selected from the group consisting of compound 
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#: 403, 405, and 406. 

A compound according to daim 45 represented by the formula: 




wherein R 3 is as defined below: 



Table 5 
Cpd# 


! R 3 

1 • 


Table 5 


i 


501 

f 

| 
! 

1 r 


j t-Bu j ; 

j 1 

I | 

| i 
j 


507 

i 


* Y \ 


502 

i 

503 

t ; 
[ j 


! H 1 : 

i ; 
- I \ 

■ 

Y ■ 


508 
509 


r 'Vj 


504 

j j 


Y" 1 * I 


510 1 

i 

i 


v r 


505 


Y ! ; 


and 

i 

511 | 

i 


O^OH | 


506 

f 
i 


0,1=;! 


i 

I 

t 

I 


i 
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57. A compound according to daim 56, selected from the group consisting of compound 
#: 501, 509, and 510. 

58. A compound according to claim 46 represented by the formula: 




wherein R 3 , Rjma and R21B are as defined below: 



: Table 6 
1 Cpd# 


. R3 | 








601 

i 


: APr : 


Ph 


7-OMe 




602 

i 


t-Bu • 


Ph 


8-OMe, 
7-OMe 


• 
1 


, 603 


i-Pr \ 


Ph 


7-ethyl 


; 


604 

i 


t-Bu : 




7-OMe 


; 


605 


: t-Bu 


Ph 


"ToJpf 


m 


606 


t-Bu 




7-CI 


: 

* 


607 

i 


Pr 




7-CI 




608 


CHr/Pr . 




7-CI 




609 

i 
I 


t-Bu 


oiTS 




• 


, 610 


t-Bu 


CI 






| 611 


t-Bu j 




7-N(Me) 2 




j 612 

i 


t-Bu 








| 613 

1 


t-Bu 




; 
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Table 6 
Cod # 

WJ#W TT 






R21B 


614 

! 

! 
t 


t-Bu 





- 


OIO 


f-BU 




7-N(Me) 2 


61 fi 

U IU 

I 

i 

i 


rOu 






■ 617 


f-Bu 




- 


618 


t-Bu 


r 




i 

s 




Me— H^s> 


• 


619 


t-Bu 


Me— N^>< 


- 


620 

i 

i — , L 


t-Bu 




1 i 

: 1 

i 


; 621 

i ■ 


t-Bu 






622 


t-Bu 




1 


623 


t-Bu 


MeO- 


1 

~ i 


624 


t-Bu 


(Me) 2 N- 




625 


t-Bu 


Ph 




626 


t-Bu 


Ph 


7-Br j 


627 


f-Bu 


Ph 


7-F j 


i 628 


t-Bu 




7-N(Me) 2 ] 

i 

- _ _j 


629 


t-Bu 


>- 


7-N(Me) 2 j 

i 
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Cpd# 



R 3 



151 



R21B i 



and 
630 



t-Bu 



N 



7-N(Et)2 j 



59. A compound according to claim 58, selected from the group consisting of compound 
#: 601, 602, 603, 604, 605, 606, 607, 610, 611, 612, 615, 616, 617, 620, 621, 622, 
625, 626, 627, 628, 629, and 630. 

60. A compound according to claim 46 represented by the formula: 



9 




o o 
wherein R 3 and 

R«a bxb as defined below: 



Table 7 



*21A 



701 


f-Bu 




702 


f-Bu 




703 


f-Bu 




704 


f-Bu . 




705 


f-Bu 


a = 


706 


f-Bu 
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Table 7 
Cpd# 


R, 


R21A 


707 


f-Bu 




708 


f-Bu 


Ph-N(Me)- 


709 


f-Bu 




/ IU 


r-pU 


HOOC- 


711 


«u 




712 


f-Bu 


(Me) 2 N- 


713 


f-Bu 


U : 


714 


t-Bu 


E, VV • 


715 


f-Bu 


(X 


71fi 


rOU 


a 


717 


t-Bu 


U ] 


718 


t-Bu 


NH 2 


719 


t-Bu 


^ \j 


720 


t-Bu 




721 


t-Bu 
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Table 7 
Cpd# 


p. 


D 

«21A 


733 


t-Bu 




734 


t-Bu 




735 


f-Bu 

i 


>X j 


736 


f-Bu { 


t-Bu 


and 
737 


t-Bu 

i 


CHex 



61. A compound according to claim 60, selected from the group consisting of compound 
#: 701, 702, 703, 704, 705, 706, 707, 708, 709, and 711 to 737. 

62. A compound according to claim 45 represented by the formula: 




wherein B, Rj, and R a are as defined below: 



Table 8 
Cpd# 



B 



801 



802 



6 I! 



t-Bu 



t-Bu ' - 
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Table 8 
Cpd# 


B 


R 3 


R22 


803 


l o 


f-Bu 




804 


0 .! 


f^Bu 


- 


805 


Ac 


f-Bu 




806 


•A ■ 
& ■ 


f-Bu 


- 


807 




f-Bu 

I 




808 


: CiA : 


f-Bu 

i 


; 


809 


Ok 1 


APr 


- 


810 


T I ! 


f-Bu 


- 


611 


Boc 


f-Bu 


4-CI 


812 


O.X ■ 


f-Bu 

j 




813 




f-Bu 




814 


Boc 


f-Bu 


2-CI 


815 


Boc 


f-Bu 


3-CI 


816 


-A 


f-Bu 




817 




f-Bu 
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Table 8 
Cpd# 


B 


R, 


R22 

i 


833 


0 * ! 


f-Bu 


i 


834 




APr 




835 




*-Bu 




836 




APr 


! 


837 


1 


APr 




i 

■ 


838 


j m £X ! 

; w vV\ ! 


APr 




■ 

j 


AAA 

839 


1 NC ! 


/-Pr 
rn 


i 
; 


840 




APr 


- j 


841 


Boc 


"VBu " 


2-Me~ ; 


842 


Boc 






843 


Boc 


ABu 


: 4-Me i 


844 


N j 

■ ' 1 


"Tbu~" 


; 4-OMe | 

i 

j ; 


845 






t 


846 


:00k: j 


APr 


3 ; 


847 


Boc 


cHex 


*" i 
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Table ft 

Cpd# 


D 


D D 

ri0 ri22 


860 




f-Pr 

i 


861 


: "SAA, | 

* i 


APr i - 

i 


862 




APr ; - 

! i 


863 




APr •; - ; 

i 
i 


864 


(X I 


hPx \ - 

! \ 

\ 


865 




f-BU j — 

| 


866 


p 


f-BU — 

1 E 

1 

! 

i 
1 


867 


O, 0 K \ 


f-Bu 


868 


CXx \ 


f-Bu 

■ 


869 


(XX 


f-Bu 

I : 
i 

| : 

i 


870 


o 


f-Bu .- 

1 
i 


871 

i 




f-Bu ; 

J 


872 


t 


frBU j - : 

! 

, i 
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Table 8 ; b 
Cpd# 


Rs R22 


and ; = o 
873 : ^N,^ 

; \ i 


f-Bu - [ 

! i 

1 : 

i \ 



63. A compound according to claim 62, selected from the group consisting of compound 
#: 801 to 825, 827 to 858, and 860 to 873. 

64. A compound according to claim 45 represented by the formula; 




wherein B is as defined below: 
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TaMa O 
1 BOH? 9 

i Cpd# 


D 
D 


j 905 

i 




906 




907 




908 


o 


909 




910 


i 


911 




912 


s V i 


913 


N'T N 


914 

; 

! 

i 
i 


i 
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Cpd# j 
915 ' 



162 
B 




NT 



and 
916 



OA 



65. A compound according to claim 45 represented by the formula: 




wherein B, X, R 3l z and R^e are as defined below: 



i Table 10 
Cpd# 


B-X- 




z 


' R21B 


1001 


Ph-N(Me)- 


i *Pr 

f 


0 


■ -hT- 


1002 


Boc-NH- 


f-Bu 


s 


1 OMe; 


and 


Me 


APr 






1003 

i 
i 
i 




i 


i 

— \ 



66. 



A pharmaceutical composition comprising an anti-hepatitis C vlrally effective amount 
of a compound of formula I according to claim 1, or a therapeutically acceptable salt 
or ester thereof, in admixture with a pharmaceutically acceptable earner medium or 
auxiliary agent. 

67. A method of treating a hepatitis C viral infection in a mammal by administering to the 
mammal an anti-hepatitis C vlrally effective amount of the compound of formula I 
according to claim 1 , or a therapeutically acceptable salt or ester thereof. 
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68. A method of treating a hepatitis C viral infection in a mammal by administering to the 
mammal an anti-hepatitis C virally effective amount of the composition according to 
claim 67. 

69. A method of inhibiting the replication of hepatitis C virus by exposing the virus to a 
hepatitis C viral NS3 protease inhibiting amount of the compound of formula I 
according to claim 1 , or a therapeutically acceptable salt or ester thereof. 

70. A method of treating a hepatitis C viral infection in a mammal by administering 
thereto an anti-hepatitis C virally effective amount of a combination of the compound 
of formula I according to claim 1, or a therapeutically acceptable salt or ester thereof 
with another anti-HCV agent 

71 . A method according to daim 70, wherein said other anti-HCV agent is selected from 
the group consisting of: a- or p-interferon, ribavirin and amantadine. 

72- A method according to claim 70, wherein said other anti-HCV agent comprises an 
inhibitor of other targets in the HCV life cycle, selected from: helicase, polymerase, 
metalioprotease or IRES. 

73. A process for the preparation of a peptide analog of formula (I) wherein P1 is a 
substituted aminocyclopropyl carboxylic acid residue, comprising the step of: 

coupling a peptide selected from the group consisting of: APG-P3-P2; or APG-P2; 

with a P1 intermediate of formula: 




wherein Ri is alkyl, cydoalkyl or C 2 ^ alkenyl, all optionally substituted with 
halogen, CPG is a carboxyl protecting group and APG is an amino protecting group 
and P3 and P2 are as defined above. 



74. A process for the preparation of: 1 )a serine protease inhibitor peptide analog, or 2) a 
HCV NS3 protease inhibitor peptide analog, this process comprising the step of: 

coupling a (suitably protected) amino acid, peptide or peptide fragment with a P1 
intermediate of formula: 
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75. 



hatoyen.aodCPQIsaca*ox»lp ro Kcfln Saroup , •""«««• 
-» Prow ^pe pade ^ mfe proces J^*^* " 




wherein CPG Is a carboxyl protecting group. 
76. Use of a P1 intermediate of formula: 



a R, 




M 

. 0 

77. Use of an intermediate of formula: ! 




O-CPG 
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inhibitor peptide analog, or 2) a serine protease inhibitor peptide analog. 
78. Use of a P1 intermediate of formula: 




wherein Ri is alkyl, cycloalkyl or C 2 * alkenyi, all optionally substituted with 
halogen and CPG is a carboxyl protecting group, for the preparation of a compound 
of formula I as defined above. 

79. An amino acid analog compound selected from the group consisting of: 




80. The process according to claim 73, 74 or 75 wherein said carboxyl protecting group 
(CPG) is selected from the group consisting of: 

alkyl esters, aralkyl esters, and esters being cleavable by mild base treatment or 
mild reductive means. 

81 . The process according to claim 73, 74 or 75 wherein said amino protecting group 
(APG) is selected from the group consisting of: 

acyl groups, aromatic carbamate groups, aliphatic carbamate groups, cyclic alkyl 
carbamate groups, alkyl groups, trialkylsilyl, and thiol-containing groups. 

82. A process for the resolution of enantiomers from a mixture of ( 1R,2S)I( 1S,2S)~1 - 
amino-2-vinylcyclopropyl carboxylic acid miethyl ester, comprising the step of 
treating said mixture with an esterase to obtain the corresponding (1 R£S) 
enantiomer. 

83. A process according to claim 82, wherein said esterase is Alcalase®. 

84. Use of a proline analog of formula: 



Printed from Mimosa 00/03/16 11:14:53 Page: 167 



WO 00/09543 



PCT/CA99/00736 



166 




wherein R„ A is C,« alkyl; C,« alkoxy; lower thioalkyl; halo; amino optionally mono- 
substituted with C„ alkyl; C* C,„ aryl, Cm, aralkyi or Het, said aryl, aralkyl or Het 
optionally substituted with R* wherein R* is ft* alkyl, d« alkoxy, amido, (lower 
aikyl)amide, amino optionally mono- or di-substituted with C,< alkyl, or Het; and 

Rmb is Cmalkyi. C« alkoxy, amino, di(loweralkyl)amino, flower alkyi)amide, NO* 
OH, halo, trifluoromethyl, orcarboxyl; 

for the synthesis of 1) a serine protease inhibitor peptide analog, 2) a HCV NS3 
protease inhibitor peptide analog, or 3) a peptide analog of formula I. 

85. Use of an anti-hepatitis C virally effective amount of the compound of formula I 
according to claim 1 , or a therapeutically acceptable salt or ester thereof for the 
preparation of a composition for treating a hepatitis C viral infection in a mammal. 

86. Use of a hepatitis C viral NS3 protease inhibiting amount of the compound of 
formula I according to claim 1 , or a therapeutically acceptable salt or ester thereof 
for the preparation of a composition for inhibiting the replication of hepatitis C virus. 

87. Use of an anti-hepatitis C virally effective amount of a combination of the compound 
of formula I according to claim 1, or a therapeutically acceptable salt or ester 
thereof, and an interferon for the preparation of a composition for treating a hepatitis 
C viral infection in a mammal. 
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